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SERVES ALL 
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Careful development of distributing facilities has 


placed Union Carbide within convenient reach of 
' every American industry. 

Approximately 250 Union Carbide warehouses 
assure you shipment of any desired quantity within 
: twenty-four hours after your order is received. 

Union Carbide is always sold in the blue-and- 


gray drum. For over forty years its uniform quality 
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... high gas yield... accurate sizing... and careful 
packing have caused it to be recognized as the most 
economical source of acetylene. 

Write to any Linde office for the address of the 
Union Carbide warehouse which is nearest you. 
The Linde Air Products Company, Unit of Urion 
Carbide and Carbon Corporation, New York and 
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WELDING HIGH-PRESSURE PIPING 





By H. WEISBERG! 


T THE Essex Generating Station of Public Ser 
A vice Electric and Gas Company, New Jersey, 
there has recently been completed the installa 
tion of a 50,000 kilowatt superposed turbine generator, 
and two 600,000 pound per hour boilers operating with 
steam conditions of 1250 pounds, 950° F. at the turbine 
throttle. It is the purpose of this paper to describe the 
welding which was done in connection with the piping; 
and principally, the field welding of the high-pressure, 
high-temperature steam and water piping for this unit 
As power plant pressures and temperatures have ad 
vanced, the maintenance of bolted, riveted and rolled 
joints in the various parts of the plant has increased to 
the point where elimination of these joints by welding has 
become practically a necessity. This is especially true 
of line joints in piping systems which are subject to stresses 
caused by expansion as well as pressure and tempera 
ture. 

Field welding of joints in high-pressure piping was 
employed for the first time by this company, on a large 
scale, at the Burlington Generating Station, where a 
plant operating at 650 pounds, 825° F. was installed in 
1932. Up to this time no welded power piping job for as 
high a pressure and temperature had been attempted, 
but it was believed that there was sufficient knowledge 
of the problems involved to make possible a safe and 
satisfactory installation. Six and a half years of operat 
ing experience has proved that this decision was justified, 
as there have been no failures or troubles with welded 
joints at this plant. 

At Burlington welding was limited to pipe-to-pipe 
line joints, whereas at Essex practically all line joints were 
welded. There are only two flanged line joints in the 
entire high-pressure steam system, and these are in the 
pipes from the turbine control valves to the upper half 
of the turbine casing, allowing for the turbine to be 
opened without cutting the pipe. There are also flanges 
on the suction and discharge side of the boiler feed pumps 
to facilitate removal of the pumps for repairs. All 
other high-pressure apparatus is welded in, including 
boiler non-return valves, turbine emergency stop valves 
and control valves, steam reducing valves, feedwater 
heaters and boiler feedwater regulating valves 

Also, a large percentage of the low-pressure piping is 
welded. With equipment available for the high-pres 
sure welds, and an organization trained in this method of 
erection, welding the joints in the low-pressure piping 
was found to be more feasible from the construction 
standpoint. In the end it was probably less expensive 
than using flanged joints. The salt water lines are 
cement-lined steel pipe joined by butt welds, excepting 
at valves which are cast-iron flanged. 


Joints in steel 
tubing for gage lines down to ® 


sinch O.D. are made with 
gas welding instead of the usual compression fittings. 


* Paper presented before Joint Meeting 


of Metropolitan Section, A M 
and New York Section, A. W 


S., held September 27, 1938 


ad 


t Assistant Mechanical Engineer, Public Service | 


Essex Generating Station 


In order to demonstrate the advancement within the 


last few years of the welding art as applied to piping 
erection, it will be of interest to review the procedure and 
equipment used on the Burlington and subsequent in 
stallations for this company prior to the Essex Unit 

At Burlington, the oxyacetylene proc was used as 


at that time the coated electrode for position are welding 
was in the developmental stage and tests indicated that 
the gas weld gave more satisfactory results than the elec 
tric with bare electrode. It was specified that the welds 
once started should be carried through to completion 
On the larger size pipes this required as much as twenty 


two hours of continuous welding for two men working 
simultaneously, which was a tax on the endurance of the 
men and, therefore, the tendency was to become less 


careful toward the end. Stress relieving was specified 
and performed by placing a mutile furnace around the 
pipe. The furnace was constructed of steel plate lined 
with asbestos and was fired with two fuel oil burners. A 
cherry red heat was applied for tw4 hours; the burners 
removed; the furnace packed full of asbestos and left 
to cool (Fig. 1) 

A minimum strength of 45,000 pounds per 
square inch and a minimum free-bend ductility of 12 
per cent was specified after tests indicated that these 
results were the best that could be « xpected No back 
ing rings were used, and although not as essential for gas 
welding as for electric, complete penetration to the root 
of the weld was by no means assured. In view of these 
considerations reinforcing straps were welded across the 
joint on all high-pressure piping (Figs. 2 and 3 


tensile 


Le 


The saine process was specified for the Kearny installa 
tions made in 1932 and 1935 

Later, as the process improved, the reinforcing straps 
were omitted from the high-pressure feedwater piping 
only, but heavier wall pipe than would have been neces 
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Fig. l—Burlington Station Annealing Furnace Joints in High-Pressure 
Steam Piping 932 








Fig. 2—Oxyacetylene Welding High-Pressure Steam Piping 
1932 


sary for the pressure was substituted as an equivalent 
safeguard. 

Also, at this time experiments were conducted on weld- 
ing of valves into the lines. Valve manufacturers were 
reluctant to attempt this but one company was finally 
persuaded to furnish several valves with special end 
connections screwed in and welded to the valve body in 
the shop. As an extra precaution, a cooling ring was 
provided on each end through which air or water could 
be circulated to keep the valve cool particularly during 
the stress-relieving operation (Fig. 4). 

Experience proved that the cooling ring was unneces 
sary as the valve never reached a temperature over 200 
to 300° F. during the welding or stress-relieving process. 
Shortly, thereafter, the manufacturers began to offer 
valves with welding ends, which now are more or less 
commonplace 

During the installation of the Mercury Boiler Unit at 
Kearny, a coated rod for position work was perfected 
which produced welds equal in tensile strength and duc 
tility to the base material, which was carbon steel pipe, 
and at this time the transition was made from gas to 
direct current electric welding. The rod and methods 
for using it were gradually improved until it was possible 
to obtain welds of ductility far in excess of that of the 
parent metal. 

Next came the development of electric heaters for 
stress relieving in place of the clumsy oil fired arrange 
ment. The electric furnaces were similar to the mutile 
oil fired furnaces but were fitted with nichrome resis 
tance heating elements inside the casing. They were 
smaller and easier to handle than the oil fired furnaces 
and it was possible to control the pipe temperature much 
more accurately. Trouble was experienced, however, 
with the nichrome wire breaking or burning out, often at 
a time when it was necessary to maintain a heat. Where 
preheating was desirable these electric heaters were al 
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Fig. 3—Welding Reinforcing Straps on High-Pressure Steam Joints 
1932 


most as impractical as the original oil fired furnac« 
because it was necessary to remove them for welding 

We come now to the Essex installation, which wa 
started in 1937. Steam conditions, specified, involv: 
the use of steel pipe alloyed with approximately 0.5 p 
cent molybdenum. In order to secure welds of the sam 
composition as the pipe, it was necessary to use an ele 
trode which would deposit such metal. The rod select: 
consists of a steel welding wire on which asbestos yarn | 
wound in an open spiral and over which a mineral coat 
ing is extruded under high pressure. Molybdenum in th 
proper proportion is contained in the coating so that 
weld of the same composition as the base material of the 
pipe results. 

At this time there was offered on the market, an im 
proved rod for carbon steel pipe. This rod has an « 
truded cellulose coating of very uniform thickne 
Tests indicated that it was easier to manipulate a1 
therefore, more foolproof than the electrodes previous! 
used. Although the ductility of the weld-metal obtain 
is somewhat less than was possible with the rods vr 
viously used, it is still better than the minimum spe 
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Fig. 4—Experimental Valve with Welding Ends 
1932 
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fied under paragraph U-6S8 of the Code for Unfired Pres- cases, however, where it was necessary to go to heavier 


sure Vessels. This rod was adopted for the welding of 
the carbon steel pipe. 

Having selected the rods, the next step was to develop 
the joint detail. Particular attention was paid to the 
characteristics of the rods which had been selected and 
to conditions which would be encountered in_ field 
welding. 

In order to assure full penetration of the weld, a back 
ing ring was used and the pipe ends were spaced '/, inch 
apart at the weld root (Fig. 5). Since the rod chosen 
had a tendency to burn through thin metal, the backing 
ring for carbon-molybdenum joints was made inch 
thick. The edges, however, were tapered to '/s inch to 
reduce resistance to flow of the steam. In order to avoid 
the difficult field job of making the backing rings fit 
snugly to the inside of the pipe as received from the 
mill, the inside surface of the pipe adjacent to the end was 
trued up, concentric with the outside. The backing 
rings were continuous and made of the same kind of 
material as the pipe. Everything possible was done to 
assure a sound start for the weld. Weld details used by 
others at this time had a ‘‘U”’ shaped cross section 
which was a machine shop job. It was decided that for 
field welds it would be desirable to continue the use of the 
“V" shaped groove with straight sides so as to facilitat 
field adjustments, and it was found that this could be 
done without sacrificing quality. 

For joints in vertical pipes, the detail was varied some 
what as shown in Fig. 6, providing a flatter surface for 
the lower fusion zone. 

For the carbon steel pipe, the simplest possible joint 
detail was used and the split backing ring was formed out 
of 1 inch by '/s inch flat iron (Fig. 7). The inside sur 
face of the pipe was machined as for the carbon-molyb 
denum pipe, as it was found this could be done in the 
shop at the same time that the pipe end was scarfed 
On the thin wall pipe the machining of the inside sur 
face was omitted entirely (Fig. 8). 

The 60-degree included angle was used for all joint 
details with the exception of carbon-molybdenum pipe 
in the vertical position where the included angle was 52 
degrees. 

For the smaller size high-pressure piping, 2 inches and 
under, the socket type joint with fillet weld was selected, 
to avoid the use of backing rings. 

A. S. T. M. Specification A-106, Grade A pipe, was 
specified for carbon steel piping, in order to reduce the 
possibility of air hardening. Minimum tensile strength 
of this pipe is 48,000 pounds per square inch, requiring 
somewhat heavier wall thickness in some than 


Cases 


Grade B pipe which has a minimum tensile strength of 
62,000 pounds per square inch. 


There were very few 
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wall pipe than would be used for Grade B, as wall thick 
nesses were dictated by considerations other than ten 
sile strength. The carbon Grade A was 
specified not to exceed 0.20 per cent and actually ran 
0.09 to 0.18 per cent, whereas Grade B may run as high 
The lower nt provided 

safety agains possibility of 


content fo1 


carbon conte 
t the 


as U0.50 per cent 
an added factor of 
cracking. 


Information available from several sources indicated 
that preheating of the welds was essential for carbon 
molybdenum pipe. Also, that cooling of the weld be 
fore completion and stress relieving often resulted in 
cracks. It was specified, therefore, that the pipe at the 


weld be preheated to a minimum of 400° F. and held at 
this temperature until the weld was stress relieved 

This requirement made it necessary to 
the methods for heating and an entirely new arrange 
ment was finally developed and adopted. The heat is 
generated in the pipe wall by electrical induction rather 
than in external resistances. While stress relieving by 
induction heating has been used by others for pipe heat 
ing and other extensively, the method of 
application to pipe in this case is new, in that the heat 
ing element is left in place during the welding process 
[he pipe on each side of the weld is wrapped with several 
turns of heavy bare copper cable and a 60-cycle alter 
nating current at 20 to 40 volts is applied across the 
terminals by means of a transformer connected to the 
station 220 or 440 volt he transtormer, to 
gether with the required switches and instruments, is 
mounted on a portable frame. On straight pipe it is 
sufficient to keep the bare coils at least inch apart, 


reinvestigate 


uses quite 


System 


insulating them from the pipe by asbest paper. Orn 
valves, fittings, and other irregular shapes, the surface 
is wrapped with asbestos tape and the ls, which ofte 
6° Min 
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Fig. 9—Systerm for Preheating and Stress-Relieving Pipe Joints 


must be crowded together, are encased in an asbestos 
sleeve. (Figs. 9, 11 to 14). 

This method of heating has a number of advantages. 
The heater remains in place during the entire operation, 
although heating and welding cannot be carried on at 
the same time on account of the magnetic effect, which 
causes the welding rod to vibrate. The arrangement has 
the advantage over resistance heating in that the cable 
is heavy and comparatively indestructible, so that there 
is much less possibility of damage and interruption of 
the heating cycle. Whereas, with resistance heaters 
the voltage on the elements is 220 or 440, with the 
induction method the potential of the heating element 
never exceeds 40 volts. Pipe temperatures are easily 
regulated by varying the applied voltage or by turning 
the current on and off. Temperatures of the weld and 
adjacent pipe, both on the inside and outside surfaces and 
along the pipe to the required distance from the weld, are 
maintained more uniformly than by any other method of 
heating which was investigated. Where a comparatively 
thin wall pipe is welded to a heavy wall fitting or valve, 
the number of turns of cable can be varied on the thin 
and heavy wall portions so as to result in a uniform heat. 
The pipe cannot be overheated because between 1550 
and 1400° F. the steel becomes non-magnetic so that the 
transformer begins to draw excessive currents on the 
primary winding, and will blow the fuses unless it is 
turned down. 

Carbon-molybdenum pipe was stress relieved at 1200 
to 1250° F. and carbon steel pipe over '/»-inch wall 
thickness at 1150 to 1200" F. These temperatures were 
held one hour per inch of wall thickness. 

Small carbon-molybdenum pipe and valves, 2 inches 
in size and under, were preheated but not stress relieved. 
Slow cooling of the weld was required (Fig. 10). The 
preheating was done by direct resistance heating. A 
pair of tongs fitted with carbon brush jaws connected to 
a transformer grasped the pipe and sent a current 
through it sufficient to bring it up to the specified tem 
perature. 
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Another requirement specified to insure results wa 
that each layer of weld-metal be chipped down to 
fairly smooth surface before applying the next layer 
While this involves more work than may be necessary t 
remove the slag and flux, it made possible the partial 
inspection of each bead, as applied, and served as a chec!} 
on the performance of the welder for each layer of metal 
The chipped weld also forms a more uniform surface o1 
which to weld and expedites the application of the follow 
ing bead. 

Some interesting tests were run to determine th: 
amount of shrinkage which takes place in the course of 
making a joint, and it was found that for the heavy wall 
pipe there is a longitudinal contraction of approximatel) 
'/, inch in the heated area during the process of complet 
ing the weld. 

Having worked out the details of the process and 
equipment to be used, the next step was the qualifica 
tion of the process and operators. A specification was 
written assigning limits to all essential variables. The 
items specified included a list of piping systems to br 
welded, chemical and physical properties of the piping 
materials, welding rods to be used, sketches showing 
joint details, number of welding layers and current char 
acteristics to be used, cleaning of the welds, chipping 


i 


preheating, stress relieving, inspection and method of 
qualification. 

The welding process was qualified in accordance with 
the Tentative Rules for the Qualification of Welding 
Processes and Testing of Welding Operators, as revised 
June 1937, published by the AMERICAN WELDING So 
cieTy. The Rules do not specify the test results r 
quired and it was necessary to determine what thesé 
values should be. The A. S. M. E. Boiler Code does 
specify required test results for piping which is con 
sidered a part of the boiler, and since some of the field 
welds were in that category, it was decided to use those 
figures for the entire piping system for both carbon 
molybdenum and carbon steel. 

Briefly these requirements are: 


1. 100 per cent of the minimum specified tensil 
strength of the base material. 

2. Free-bend ductility not less than 30 per cent. 

3. Complete penetration through the entire thickne 
of the weld. 

}. Absence of oxide or slag inclusions. 

5. A limited amount of porosity as specified 
detail. 


All of the operators who were qualified were men who 
had had considerable experience with other electrodes and 
processes. A special training room was set up to giv 
the men an opportunity to become familiar with the nev 
electrodes and materials and to prepare for the qualifica 
tion tests. Each man was given about one week's 
training before he made his qualifying welds. 

An insurance company inspection service was em 
ployed to inspect and check the welding for the duratio 
of the job. 

One operator made the qualifying welds for the carbo 
molybdenum process. Twelve-inch schedule 160 carbon 
molybdenum pipe, the largest size used on the job, wa 
used for the qualifying specimens. Two horizontal 
axis and two vertical-axis position welds were made 
the presence of the insurance company inspector. After 
the test specimens had been prepared they were teste 
in the presence of the same inspector. All of the r 
quirements were met without difficulty. There was 1 
evidence of lack of soundness. 

Another operator made the qualifying welds for th 
carbon-steel process and the same procedure was fol 
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Fig. 10—Preheating Small Diameter Pipe, Thermocouple in Position 
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Fig. 1l—End of Valve with Backing Ring Tacked in Place in 8-Inch Pipe 


that 10-inch schedule 160 carbon-steel 
The requirements were again met with 
Two small gas pockets were found in 
No slag but a few scat 


lowed, 
pipe was used 
out difficulty 
one of the horizontal specimens. 
tered holes were found in one of the vertical specimens 
Otherwise there was no evidence of lack of soundness 

Three additional operators were qualified for the 


except 


carbon-molybdenum process. As the process had been 
qualified, they were required only to demonstrate their 
ability to make sound welds. Each welder made one 
horizontal-axis and ene vertical-axis weld in 12-inch 
schedule 160 pipe. Test specimens were made for the 
Side-Break, Nick-Break and Etch Tests. One Nick 
Break specimen showed ‘‘Small scattered holes but no 
slag’’ well within the required minimum, and the other 
specimens showed no lack of soundness whatsoever 

Seven additional operators were tested for the carbon 
steel process in the same manner as for the carbon 
molybdenum. The Nick-Break tests of specimens made 
by four welders revealed porosity within the allowable 
limit. 

The processes and a total of twelve operators wer« 
qualified over a period of six weeks. 

An expert operator, whose ability was known, was 
appointed to supervise the operators and inspect their 
work. He was responsible for the quality of the work 
and was expected to make sure that it was at least as 
good as the qualifying welds. The welding procedure 
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Fig. 12—Welded Joint in 8-Inch, 1500-Lb. Globe Valve to 
Pass Completed, Not Chipped 


First 


Pipe 


Fig 





13—Completed Joint Wrapping 


was checked by frequent unannounced visits of the 
Surance company s representatives 
An engineer was designated to operate the preheating 


and stress-relieving apparatus, and he had an assistant 


who operated the potentiometer pyrometer and kept the 


records of the welding, chipping and heat opera 
tions 

Each operator was required to stamp his initials 
his welds and this practice, together with the inspection 
of the supervisor and the insurance inspector, was an 
inducement for careful work and pride of good work 


manship. 

As far as possible, the day's welding work was planned 
so that a welding operator and a chipper would work on 
two joints, the welder working on one while the chipper 
worked on the other. Every effort was made to provide 
the best possible working conditions as regards 
quate scaffolding and lighting. Because of the 
for keeping the pipe hot during the entire process, it was 


ade 
provision 


unnecessary for the operators to work overtime Phe 
12-inch carbon-molybdenum joints required approxi 
mately one week each to complete although the actual 
welding time varied between twenty and _ thirty-one 


hours Che remainder of the time the weld 
to a minimum temperature of 400° | 

The approximate total number of welds made in th 
piping systems was 8700 and the welding worl ded 
over a period of seven month All high 


was k¢ pt up 


exte! 


the large 









Fig. 14—Valve Assembly Prepared for Preheating and Stress Relieving 


pressure steam and feedwater joints were completed in 
four months. 

Careful consideration was given to the possibility of 
examination of the welds by X-ray, but in view of the 
satisfactory experience over a period of years with welded 
piping which was not thus examined, and considering the 
precautions taken to secure sound joints, it was decided 
that X-ray inspection of the field welds, in its present 
state of development, was not warranted for this installa 
tion. 

Erection of the boilers involved the field welding of 
16 joints ranging in size from 8 inches O.D. by 7/s inch 
wall to 20 inches O.D. by 1'/2 inches wall in the feed- 
water supply pipe between the economizer and _ boiler 
and in the water wall supply downcomers. ‘These joints 
were made by the same operators using the process de- 
scribed, and the welding was examined by gamma-ray 
radiograph in order to meet Boiler Code requirements. 
All welds radiographed were accepted without repairs 


Fig. 16—Gamma-Ray Photo of Weld Being Taken. Vertical Make-Up 
Pipe 


except 


to uncover what appeared to be 





Fig. 15—Welded Cement Lined Piping 


ng a small part of one joint which was chipped 
a lack of fusion 


i 


was found, however, to be a very slight undercutting 
the inside surface of the pipe at the backing ring due 1 
small gap between the ring and the inside surface of tl 
Similar indications on other welds were accept 


pipe 


without further question (Figs. 16 and 17 


1 


No attempt was made to specify the welding proc 
for the shop welds, as the processes and the welders h 
already been qualified by the insurance company. X-ra 
inspection of all longitudinal and transverse joints ma 
in the fabrication shop was specified for the more impor 
tant systems, as this inspection where the pipe ca 
moved to the X-ray machine is not expensive compar‘ 


to X-raying at the station 


Of course the nozzle weld 


and other special welds could not be X-rayed. 

An interesting feature of the installation is a welds 
bonnet 12-inch carbon-molybdenum valve for the hig! 
pressure steam piping (Fig. 20). 
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17—Plug Tack Welded in Position. 
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SHO? WELDS FOR CARBON MOLYBOENUM PIPE 
WALL THICKNESS OVER ? 


Fig. 18 


s provided in the bottom of the valve for removing foreign 
material or pipe scale. 

Economizer tubes were rolled and seal welded into the 
headers and also, superheater tubing into the superheater 
outlet header. In connection with the latter, which 
contained about 2 per cent chromium and 0.5 per cent 
molybdenum, it was necessary to preheat the header, 
and this was done by wrapping for induction heating as 
described for the pipe heating 





Fig. 19—1500-Lb. Flanged Bonnet Gate Valve 


Fig. 20—1500-Lb. Welded Bonnet Gate Valve 
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HIGH-PRESSURE PIPING 


Permission was obtained from the insurance 


company 


and state authorities for repair of carbon-steel boiler, 
furnace, superheater and economizer tubing by welding 
he latest revision of the Boiler Cod w permits such 
welds \ somewhat different detail of weld is used for 
this purpose to allow passage of the tube cleaners. Prob 
ably both gas and electric welding will be used for these 
repairs. Gas welding can be done at points which are 
impossible to reach with the electric weld unless the tubs 
is removed (Fig. 2] 
Another use for the induction heating was found 

bending pipe that was not fabricated in exact accord 


ance with dimensions and required field adjustment 

he piping was designed and the installation super 
vised by the Electric Engineer Department Public 
Service Electric and Gas Company; erection and weld 
ing was carried out by the field forces of the United 
Engineers & Constructors, Inc., Philadelphia; the pip 
ing was tabricated by the M. W. Kellogg ¢ mpany and 
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the Midwest Piping and Supply Company; welding 
machines and stress-relieving transformers were furnished 
by the Electric Arc Cutting and Welding Co., Newark; 
welding rod was furnished by the Metal and Thermit 
Corporation, Jersey City; inspection service by The 
Hartford Steam Boiler Inspection and Insurance Com 
pany; and gamma-ray radiography by The Babcock & 
Wilcox Company 

lhe installation has now been in service since 
part of May of this year. With 
or three minor leaks, in small piping welds to 
large castings, there have been operating difficulties 
encountered with welded joints. A 6-inch 225-pound 
drain pocket on the high-pressure reducing valve failed 
adjacent to a weld due either to damage in transit or 
vibration of the reducing valve A jagged 
crack 12 inches long developed tae pipe but the leak 
was detected and the pressure removed before any dam 
Che weld remained intact indicating that 
it was stronger than the pips 

It is predicted that as the welding art is further de 
veloped, the fundamentals involved are better under 
and the construction and maintenance forces 
become better equipped for doing this kind of 
further elimination of power plant pr 
continue until practically all t 
welding. 
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1—View of the All-Welded Dolomite IV 


NEW ALL-WELDED FREIGHTER HAS PURE 





































By E. C. BADEAU* 


NOVEL ship, built in a novel way for a novel 
A service has just completed her maiden trip 
between Oswego, N. Y. and Chicago. 

She is the twin screw Diesel Ship Dolomite IV, 300 
feet long and built to full ocean classifications under 
Lloyd’s rating. She has a beam of 45 feet, 4 inches, a 
molded depth of 20 feet, and a gross tonnage of 5500. 
Made of electrically welded steel channels bent to form 
her main structure, she has no rivets. Forty miles of 
welding were required for her construction. 

Built for bulk transportation of lye and other highly 
corrosive chemicals along the Atlantic seaboard, Dolo 
mite IV has five main bulkhead cargo tanks lined with 
sheet nickel, which is spot welded to the frame and are 
welded on the seams. Although tank trucks and tank 
cars have been constructed of nickel clad steel and 
fishing boats are now being built with nickel lined holds 
to bring fresh fish in from the Atlantic, Dolomite IV is 
said to be the first freight ship to feature nickel cargo 
tanks. More than 60,000 pounds of nickel were used 
for her main tanks. 

There is roughly 122 miles of hand-welding on the 
Dolomite IV and 3'/, miles of automatic welding done 
with the Shielded Automatic Carbon Arc mounted on 
self-propelled tractor. A current of roughly 900 amperes 
was used on these Carbon Arc Heads and the speed of 
welding giving a '/s-inch throat on butt welds without 
scarfing is 35 feet per hour. 

The method of constructing the ship was also novel. 
Her keel was laid in a dry spur of the Erie Barge Canal 
at Pittsford near Rochester, N. Y. She was “‘launched”’ 
by syphoning water into the lock until she floated, but 
the traditional champagne was used when she was re- 
cently christened by Mrs. Henry Kondolf, of New York 
City. 

The ship brought a bulk cargo of 1,000,000 gallons of 
kerosene to Chicago. This is said to be the first time 
that kerosene has ever been shipped in bulk by water, 
as it corrodes the metals usually used in cargo tank 
construction, thus becoming discolored. 

On subsequent trips she will carry kerosene one way 
and grain the other way. 

After entering deep sea service in November, she will 
carry lye between Lake Charles, Louisiana and Norfolk, 
Va. She will alternate her cargo in this service with 
molasses, oil, grain and other products. 


* Editorial Department, The International Nickel Co., Inc., New York 


Nickel Holds 


Fig. 2—Shows the Under-Deck View and the Method of Welding 
Channels Together 


Fig. 3—Shows One of the Tanks with Its Nickel Lining. The Lining Wa 


First Tack Welded and Then Welded Along the Seams. Approximate 
58,000 Pounds of Nickel Sheet Were Used to Line the 5 Holds, Each 
Which Is 36 Feet Long, 25 Feet Wide and 18 Feet High 


Dolomite IV was built and is operated by the Dol 
mite Marine Corporation of Rochester, N. Y. Jol 
H. Odenbach is the president 
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FABRICATION and USES of LOW- 





By R. F. JOHNSTON? 


HERE has been considerable information and data 

presented in numerous publications and articles on 

the properties and characteristics of the recently de 
veloped low-alloy high-strength steels so it would seem 
that a limited discussion of some of the applications of 
these steels and a few of the problems encountered in 
their fabrication and welding might be timely. 

However, at the risk of repeating familiar knowledge, 
it may be desirable to describe briefly what is meant by 
the term low-alloy high-strength steels and wherein they 
differ from the older high-tensile steels. A number of 
high-strength steels containing small percentages of 
various alloying elements have been manufactured for 
many years. These have been used mostly for struc 
tural purposes and to some extent for purposes of limited 
requirements. They could not be extensively used for 
the very important reason that they were lacking in one 
or more important characteristics necessary to make 
them applicable to many structures. In addition to 
high elastic ratio and tensile strength, a steel for a wide 
diversification of application must possess adequate 
ductility and workability so that it can be fabricated by 
all the usual methods; superior corrosion resistance in 
order that sections can be safely reduced without sacri 
ficing durability; high impact strength; greater fatigue 
or endurance strength; the ability to be welded with the 
assurance of safe joints; last and possibly most impor 
tant—cost per unit of strength no greater than plain 
steel. 

These modern steels, due to their chemical and physi 
cal characteristics, can be distinguished from the S. A. E 
series of steels in that they are used in the ‘‘as-received’ 
condition, and are not intended for subsequent heat 
treatment. 


* Presented before Philadelphia Section, AMERICAN WELDING SOCIETY 
March 21, 1938 


t Carnegie-Illinois Steel Corp., Subsidiary, United States Steel Corp 
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Alloy High-Strength Steels 


Fig. 2—Modern Light-Weight All Steel Bus 





MercHANTS TRansrer 
s STORAGE CO. 





Fig. 3—Large All Welded Semi-Trailer Van 


Carbon has been the element commonly used hereto 
fore to obtain hardness and strength in steel However, 
the limitations of high-carbon steels such as lowered 
ductility and impact strengths and decreased weldability 


are well known. It would appear, therefore, that a high 


tensile steel for wide application should contain this el 
ment in very limited amounts 
Vanganese and silicon alone and i mbination have 


been used to some extent In the plain carbon manga 
nese and silicon steel it may be difficult to obtain the ne« 


essary ductility required for fabricating \lso_ these 
elements under most conditions do not tend to increas« 
materially the corrosion resistance of steel The el 
ments—nickel, molybdenum and vanadiun have also 


been used in considerable quantities 


Chromium is an element that has been found to be very 


useful in imparting strength and cor resistanct 

Che high chromium series of stainless and heat resisting 
steels are familia In the absence of other elements, 
however, it is necessary to use chromium in a relatively 
high percentage to give corrosion resistance thus placing 
it in the stainless or high cost class It has been found 
from extensive research work that as little a chro 
mium in proper combination with copper, phosphorus 
and silicon affords a superior corrosion resisting steel 
Phosphorus in such combination does not add undesit 
able ‘“‘cold shortness Steel of tl type has high 


strength, superior corrosion resistance idequate duc 


tility, excellent endurance and impact strength and good 
welding properties. A steel of this combination is manu 
factured under the trade name “USS Cor-Ten.” The 
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Fig. 4—A Method of Producing Flatness in Sheet by Pre-Rolling Before 
Welding 


superior corrosion resistance of this steel in severe in 
dustrial atmosphere, salt spray, fresh and salt water im- 
mersion and many other corrosive media has indicated 
its advantageous use also in many applications where 
greater physical values alone are not of paramount im 
portance. Table | in Fig. 1 indicates the properties of 
this steel. 

In addition to the chromium bearing corrosion resist 
ing high-strength steels there are others of slightly lower 
cost, such as the medium manganese carbon steel, manu 
factured under the trade name ‘‘USS Man-Ten” which 
has greater strength than mild steel, but with somewhat 
lower ductility and weldability and with corrosion re 
sistance on a par with copper bearing steel. 

It develops therefore that the decision as to the correct 
type of steel to be selected for a certain purpose should be 


predicated on the requirements of the application. 
These could be analyzed as follows: 

|. Extent and severity of fabrication 

2. Type and amount of welding 

3. Corrosion conditions 

t. Impact shocks and 

5. Fatigue stresses involved. 

While these low-alloy high-tensile steels were de 


veloped primarily for the transportation industry, they 
are finding rapid acceptance in many other applications 
where lighter weight and/or greater durability are de 
sired. 

It is an established economic fact that a reduction in 
the dead weight of nearly all types of mobile equipment 
will result in greater pay load capacity, less fuel or power 
consumption, less dead weight per ton or pound trans 
ported and in many cases increased speeds and faster 
accelerations. 

In the following paragraphs, a few of these applica 
tions and some of the problems encountered in fabrica 
tion are discussed. 


STREET CARS, TRACKLESS TROLLEYS AND 
BUSES 


This type of equipment must be as light as possible, 
not only for economical operation but to meet the pres 
ent-day schedule demands and faster traffic conditions. 
At the present writing, nearly 700 of the new light weight 
street cars have been built or are on order. 
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These structures have been reduced 15,000 Ib 
weight by modern designing and high-tensile steel of 1 
Cor-Ten type. For the most part formed members ha 
been substituted for the rolled sections formerly uss 
effecting considerable reduction in weight. We also fi 
that welding has played a prominent part in enabl 
better and more efficient designs to be used. The sj 
sheets have been reduced from the usual 0.100 inch th 
The unde 
frame and framing are assembled by are welding wl 
the side sheets are spot welded, in order to maintai1 
smooth exterior. About the only major problem 
countered here is maintaining flatness in the side sheet 
during welding. Stretcher leveled sheets are used 
the stagger method of spot welding is employed to kee; 
locked up stresses and distortion at a minimum 

The modern light weight all steel bus, built by 
Bender Body Company and shown in Fig. 2 is 1500 | 
lighter due to modern designing and high-tensile steel. - 

If buckling is encountered in flat panel work of th 
kind, certain corrective measures may be helpful st 

(1) The attachment of stiffeners made of light gag: 
pressed angles to the inside of the panel by spot weldin; ( 
before they are welded to the posts has been helpful 





to as light as No. 16 gage in some cases. 


The stiffeners resist the buckling or distortion from th: st 
heat and shrinkage of the welds and result in flatter \ 
panels. 

(2) Peening of the Spots After Welding. This method st 
based on the assumption that each spot is, in actualit rt 
a small casting which shrinks in volume, the cumulati N 


effect of such shrinkage being sufficient to cause exc: 
metal to form a buckle in the panel. The peening of th: 


individual spots with a small airtrip hammer expand te 
them and also stretches the edges of the panel and pul 1m 
the excess metal from the center During the peening cl 
the post or supporting framing member is backed vy 1] 
with a heavy flat piece of steel to avoid bending the 
members. A little practice will show where the spot Ci 
should be hammered to give the best results. a 

(3) Heating and Shrinking. This method is not nev b 


and is used to a considerable extent in body constructio1 
It consists simply of heating the center of the panel, 
where the greatest amount of excess metal occurs, t 
cherry heat over an area of several inches in diameter tr 
The surrounding area is then quickly hammered, bac! t 
ing it up at the same time with a heavy flat weight 
[his hammering causes the metal to upset, resulting in 
shrinkage. When it has been shrunk sufficiently, it 
quickly chilled with a block of ice to stop the flow of h« 
to adjacent areas where it is not desired. This operatio: t 
is repeated if necessary until the panel comes flat 

Figure 3 is a view of a large semi-trailer van, built b 
the Herman Body Company, St. Louis, with light gag: 
Man-Ten side sheathing, welded to the posts and fran 
ing members of Man-Ten. A problem of flatness 
sometimes encountered here and a method which is wu 
usual in technique but which appears to give excellent 
results is illustrated in Fig. 4. This method consist 
of rolling or barreling the sheets to a radius of approxi 













5—Large All-Welded Gasoline Tank Semi-Trailer Constructio: 
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itely half the length of that dimension on which the 
eponderance of welding occurs. After rolling, the 
ets are placed against the framing of the body so that 

e convex surface is against the framing members. 

ey are then pressed into place and welded. This 

etch indicates that there are only vertical stiffeners 
aced on 14-inch centers and lines of welding develop 
ly in that direction. As stated before, direction of 
lling should be governed by the direction or prepon 
erance of welding; in other words, if, as often occurs in 
ir construction, the majority of welds occur along hori 
ital lines, then the rolling or barreling of the sheets 
fore welding would be done about an axis located 90 
legrees from that shown. 

Still another method which has indicated promise is 
the practice of heating the sheets on a large hot steel 
plate and welding them in the expanded condition. The 
subsequent shrinkage tends to pull the sheets flat. 

Gasoline Truck Tanks. These structures offer con 
iderable advantage for the application of high-tensile 
steel in that appreciable increased gallonage or capacity 
can be gained by the use of stronger material and lighter 
construction. 

Figure 5 is a view of one of six large semi-trailers con 
structed for the Pacific Inland Transport Company by 
Wentworth and Irwin, Portland, Oregon of Cor-Ten 
steel. The gain in capacity by the use of high-tensile 
steel was SOO gallons per unit. The frame was 10 gage, 
outside heads, bottom sheet and horizontal baffles were 
No. 12 gage, top sheet and longitudinal baffles were No. 
l4 gage. Weight of unit loaded 18,025 lb. 

While most fabricators are now applying the high 
tensile steels to these units with little or no difficulty it 
might be of interest to review some of the earlier diffh- 
culties encountered and the remedies developed. In 
applying the high-tensile steels the usual procedure is to 
substitute sheets two gages lighter, although in some 
cases where the design is such as to indicate the advis 
ability, the bottom or lower one third of the shell has 
been reduced only one gage in thickness. 

A factor, which was sometimes lost sight of in utilizing 
the thinner high-tensile steels is the fact that, while the 
high tensile sheets are approximately twice as strong in 
tension as the plain blue annealed sheets formerly used, 
they have the same modulus of elasticity and therefore 
greater deflection for the same load when the thickness 
is reduced. 

Such deflection usually terminates at some point rigidly 
fixed such as a supporting member of the tank or where 
the internal bulkheads are attached. Solutions to this 
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Fig. 7—Welded 159 Gallon Cor-ten Tank After Dropping 23 Feet 
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SKETCH SHOWING METHOD B OF WELDING WHEEL POCKETS INTO TANK 
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SKETCH SHOWING METHOD A OF WELOING WHEEL POCKETS INTO Tank 


Fig. 8 


should be not only strong and ductile, but should have 
also excellent weldability with as little “air hardening’’ 
tendency as possible. It should also have a good impact 
value. 

Figure 7 is a view of one of many drop test tanks 
that have been made from this steel. The tank illus 
trated is constructed of No. 14 gage Cor-Ten sheet and 
has a capacity of 150 gallons. After filling with water 
it was dropped from a height of 23 feet and even though 
the welds and base metal were severely distorted, no 
leaks developed. This indeed exemplifies the ductility 
that can be attained with welded joints. 

Figure 8 illustrates two improved methods of construc 
tion of the rear wheel inset. These consist in flanging 
the parts in such a way that the usual junction of the 
three weld beads at the lower inside corner is eliminated, 
thus avoiding the building up of excessive weld-metal and 
a resultant locus of stress concentration 


FABRICATING 


While the fabricating processes for the high-strength 
steels differ very little from the practices employed with 
mild steel, it may be of interest to present certain gener 
alities which have been evolved to serve as a guide to the 
fabricator. While these cover many of the phases of 
railroad car construction particularly, they can be ap 
plied equally effectively to the fabrication of nearly all 
types of equipment. 


COLD FORMING OR PRESSING 


The high-tensile steels are somewhat stiffer than the 
plain low-carbon steels and would require a greater 
force to produce permanent deformation were the thick 
nesses to remain the same. However, the use of these 
steels will result in thinner sections thus reducing the 
force required. In general, the only departure from 
regular practice is with respect to the bending radii, as 
follows: 
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Fig. 9 


(1) Material up to '/, inch in thickness should be bent 
over radii of not less than one and one-half the thickness 
(2) Material '/, inch thick and up to '/2 inch the radii 
of bends should not be less than two times the thickness 

(3) Sharp fins or burrs from shearing should be r 
moved by filing or other satisfactory method prior t 
cold forming. 

It is generally advisable to allow for somewhat mort 
spring-back in cold pressing these steels, particularly 
where the radius of bend is fairly large. The alloy steels 
also do not have the same upsetting ability and tend t 
fold over. This can sometimes be corrected by corru 
gating or crimping or removal of metal from the edge to 
be shortened. Slower forming speeds enable the metal 
to flow better and smooth dies are helpful 


HOT FORMING OR PRESSING 


Material up to and including 1 inch in thickness 
should be heated to a uniform temperature betwee 
1400° and 1650” F., or visually, at least to a good cherry 
red prior to pressing or forming, with no work being dom 
on the material after it has been allowed to cool to 
temperature of 1000° F. or a dark heat. Sending radii 
should be not less than one and one-half times the thicl 
ness of material. 


SLOTTING AND COPING OPERATIONS 


1 


(1) Slots in framing members for gusset plates should 
have radii at less than one-half the 
width of slot. 

(2) All copes and large slots to have radii in corners of 
not less than two times the thickness of material 

(3) On side of framing member slotting tool die, a 
radius slightly larger than the radius in framing member 
should be provided to insure member being flat on the 
die, to avoid deformation and cracking 

(4) In case of angle of cope being reentrant and ex 
ceeding 90°, it is recommended that a hole be punched 


ends of slots not 


or drilled in the corner to help avoid cracking in bending 
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10—Corrosion Test 


of Copper Bearing Steel 





MANUAL METAL ARC WELDING 


the smallest possible electrode, 
with the thickness of the material, so as t 
sive weld beads 

Carefully fill up all craters to eliminate leakage 
High-grade mild steel coated electrodes 
satisfactory for use with high-tensile steels as there is In the 
generally sufficient ‘pick up’”’ 
sufficient reinforcement to produce adequate strength it bv welding with 
However, if conditions require it, rods cat ; 
be obtained to produce weld-metal similar in analysis to — djssimj] nent nod 


from the base metal and 


STRAIGHTENING OPERATIONS 


Cold straightening of parts should be done at 
temperature 
blocks should be properly spaced in all press straighten 
ing to insure sufficient leverage so as to avoid shearing rer 
Use of Flatter is important 1 
hammer straightening. 

2) Hot straightening of all the larger mass sections 
should be done at a temperature of 
Either furnace or torch method of heating 
ployed but no work should be done after material has 
reached a temperature of 1000 


a 12F . 
1400 to 1650” F 


TORCH OR FLAME CUTTING 


Cutting by this method should be done with the small 
The use of a larger tip should — tensile low-alloy steels must 
be avoided so as to provide a smooth clean cut with a ject in a rather brief mann 
minimum tendency for the metal to flow together back examples selected will indicat 


est size tip practicable. 


STRESS RELIEVING 
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wavy these steels can and ar 
tion in weight, increased lh 
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connection with the use of thi 
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Qualitication Tests of Marine 


By JAMES W. WILSON?’ 


HE Bureau of Marine Inspection and Navigation, 

| in applying its code where fusion welded construc 
tion is involved, has followed the recommenda 

tions of the A. W. S. Committee on Welding in Marine 
Construction. The tentative rules formulated by this 
Committee include definite requirements for the quali 
fication of individual welding operators and it has been 
the practice of the Bureau to carry out such qualification 
of operators by testing specimens from sample weld 
plates made by them. The procedure that has been 
developed in the testing of such qualification specimens 
has revealed some extremely interesting information 
concerning the characteristics of welding operators and 
the tendencies of the manufacturers or contractors by 
whom they are employed. The following information 1s 
presented with a view to showing the beneficial effect 

‘ 


senior Marine Engineer, Bureau of Marine Inspection and Navigation 
Department ot Commerce 


Welding Operators 


which this testing procedure has had not only upon 1 
welding organization itself but also upon the work of t 
Bureau and the resulting safety of the public in general 
Che desire of the Bureau is that in qualifying weldi 
operators they shall be tested with a view to determini 
their ability to produce sound welds and obtain complet 
penetration. The Bureau has followed the tendency 
the A. 5. M. E. Boiler Code Committee by placing tl 
responsibility for the quality of such welds in the hand 
of the manufacturers or the contractors. While it ma 
be the intention of the manufacturers and contract 
to produce sound and dependable welds, nevertheles 
there is an element of human responsibility carried 
the welding operator and this it has been the desire b 
the Bureau to check in the most effective possible manne: 
[It has been the experience of not only the Bureau but 
of other law enforcing bodies that if a welding operat 
is found to be capable of producing sound and dependab! 








r 
BR 

i 

: 

ny } 
Qh tt if patient 
ea eenen ane s BOGGS OESSs ) SUSSe BSSe! | BOSES SEESE SOSSE SENSE SSNS CESSES 88088 88088 FOSS SSS: a po Senses 














> 
b 
2 
2 
Wbansi cans sodda deans setestades . "7°? ” 55 /."T 2S SRR85 WRoas aks ObSSd REE Rakes. ¢ 
HO OF Fuk SECTION TeENsice SPECIMENS 
—— ee ee PeovceDd ~ 4 ” ; mm 
SAO mee OR * Wick BREAK SPECIMENS 
nant, 08) AED @—"* Freé BEV SPecimens 


Azt Wero Mera. Seecumens. | 

















“ his tendency will be to produce welds of that 
ter if given the proper materials and equipment 
fore, while both parties carry a large measure of 
sponsibility for good work, it is obviously the neces 
‘the Bureau to test the work of each individual 
g operator, as well as to regulate the manufacturer 
tractor. 
average welding work in the marine field has not 
ured up to the results which could achieved 

lhis was in large part due to the fact that the volume of 

repair welding work fluctuates and a contractor who 
eed 50 welding operators in one month may only 

re 10 the following month; hence, it was formerly 
practice to employ men who represented themselves 

as competent welding operators and to lay them off when 
the work was completed. This condition has been 
ured to a great extent at the present time by training 

e welding operators to perform other duties when 

there is no welding work to be done, thereby retaining 

men of proved ability to carry out welding work suc 
cessiully when there is a rush; hence, the previous 
practice of employing welding operators intermittently, 
which caused inspectors much apprehension, has been 
largely eliminated. 

In developing a testing procedure for the qualification 
f welding operators the Bureau decided upon simple 
tests intended to show the tensile strength and ductility 

f{ the material, the integrity of the bond between the 

base metal and the weld-metal, and to detect such de 

fects as lack of penetration, non-metallic inclusions, 
porosity, etc. For this purpose the following test 
specimens were required. 


be 


+} 


|. A full section tensile test specimen (required under 
test to show a tensile strength at least equal to the 
minimum tensile range of the base metal). 

2. An all-weld-metal tension test specimen, having 
a gage length of two inches in the reduced section and 
a diameter of 0.505 inch (required to show a tensile 
strength at least equal to the minimum range of the 
plate from which the specimen was prepared, and an 
elongation of not less than 20% in two inches). 

3. One nick break test specimen having the edges of 
the weld nicked on each side to cause a clean break 
required to detect defects such as lack of penetration, 
non-metallic inclusions, porosity, etc.). It was pro- 
vided that a standard density specimen might be sub 
stituted for the nick-break specimen, if desired. 

+. One standard free-bend test specimen (required to 
show an elongation across the weld of at least 30°). 


The material of which these specimens were made, 
with the exception of the all-weld specimen, was re- 
quired to have a minimum thickness of not less than °/s; 
inch and not more than | inch. 

The specimens were required to be prepared in the 
presence of a duly authorized inspector and to be stamped 
by him for positive identification. Tests were required 
to be made by the Division of Engineering Mechanics 
of the National Bureau of Standards, with a view to 
having them made in a scientific manner by experts, 
thereby eliminating the possibility of faulty or biased 
testing in evaluating the welding operators’ ability. 

Chese rules which embrace the qualification require 
ments, were placed into effect in August 1935, but it 
required considerable time to instruct the district in 
spectors and provide for the preparation of the test 
specimens and their transmission to the Bureau of 
Standards in Washington, D. C. The latter Bureau 
was for a time heavily loaded with the burden of this 
test work and it was not until in 1936 that the results 
were forthcoming in sufficient volume to indicate the 
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tendencies. These are so interesting that a graph has 
been prepared to outline them as illustrated by Fig. 1. 
This graph was plotted for the purpose of the 
percentage of failures for various periods tests 
were initiated to date he lengths of the 


showing 
the 
periods shown 


alter 


are not uniform and were taken at times when it was 
convenient to make a check on the test \ study of 
the graph shows the improvement in the quality of 
welding since the tests first began, which is due very 


largely to the fact that both the employers and the opera 


tors were spurred by the failures to greatly improve their 
processes and procedures 

Che graph is based on primary tests only and does not 
include retests of specimens for those who failed, nor 
requalification tests which are conducted annually 
The lower line in the graph indicates the average results 


of the four specimens originally submitted by each weld 
ing operator and shows a general upward trend from the 
date the tests began, as the operators began to appreciate 
the seriousness of the qualification requirements 


The second line from the 


bottom, indicating free 

bend tests, shows a gradual rise in the quality of the bend 
tests from April 1, 1936 to February 1, 1937 From that 
time on the curve takes a decided upward trend until 
August 11, 1937, after which time it tends to flatten out 
up to the present 

The third line from the bottom indicates that the 
results of the all-weld tests had a gradual upward trend 
from April 1, 1936 to February 9, 1937, and that after 
that time it flattened out until August 1937 From 


that time it again takes an upward curve which 
up to the present time 

The fourth line from the bottom, indicating the nick 
break tests, shows a curve downward from April 1, 
1936, to February 9, 1937. Then 
ward trend to August 11, 1937, 
out up to the present time. 

The fifth line from the bottom, indicating reduced 
section tension tests, shows the results of tests, which in 
some cases were submitted in lieu of the all-weld speci 
mens. This curve shows a downward trend from April 1, 
1936 to February 9, 1937. After that it curves sharply 
upward until August 11, 1937, at which time it tends to 
flatten out up to the present date 


continues 


it takes a sharp up 
after which it flattens 


The top line, indicating full section tension tests, 
shows a drop from April 1, 1936 to February 9, 1937, 
but not nearly so pronounced as the drop in the reduced 


section tension tests. Then it curves upward from Feb 


ruary 9, 1937 to August 11, 1937, and from there it 
flattens out to the present date 

The full section tensile test specimens tend to show 
that in the beginning the welding operators, as was 


customary with some of the old-timers, endeavored to 
obtain high-tensile strength, paying little regard to the 
ductility and other characteristics of the weld deposits 
The curves show that from April 1936 to February 9, 
1937, the tendency was to sacrifice high tensile strength 
for ductility and from that time on the improvement of 
the welding was general in all characteristics 


SUMMARY 


Since the adoption by the Bureau of the welding 
qualification rules, the National Bureau of Standards has 
tested for this Bureau 7819 welded specimen 
qualification tests. This does not include 
mens or specimens submitted for specific gravity and 
requalification tests, as the number ,of specimens in the 
last two groups is so small as to be considered negligible 
for the purpose of this report 


S$ lor primary 


retest speci 





The net results of these tests up to the present time 
show that at the time the tests were initiated only 
52.5% of the welding operators were successful in pass 
ing the tests, whereas, at the present time over 81.5% 
of the welding operators pass their tests successfully. 
There is no question that the quality of welding now 
performed is far superior to the welding available prior 


Reply to Dr. Jacobus’ Discus- 
sion on Radiographic 
Inspection” 


By HERBERT R. ISENBURGER' 


HE author greatly appreciates Dr. Jacobus’ com 

ments. It is our business to point out important 

applications of radiography, but it is up to the 
engineers to determine whether a 100 per cent inspection 
is justified in each case. 

Dr. Jacobus has mentioned welding of marine piping. 
In this connection it is interesting to know that the 
Navy Department is purchasing portable X-ray units 
for the Philadelphia and Brooklyn Navy Yards for this 
particular purpose, although the Navy has large amounts 
of radium available. 

In other countries more so than in the United States, 
X-ray inspection has been used for the examination of 
other types of welded structures. Particularly in Ger 
many, X-ray inspection is a great aid for what they 
consider important examinations. The State Railroads 
now make X-ray inspection mandatory in their welding 
specifications after they have had years of experience 
in field work (273).[ In France the all-welded plate 
girder railroad bridge of Plaine-Saint-Denis near Paris 
was X-rayed last year (722), and Sweden found X-ray 
inspection most useful for similar work (748) as shown 
in Fig. 1. This photograph also shows that an X-ray 
tube can be placed in very cramped quarters, an objec- 
tion raised by Dr. Jacobus. In fact, we find that 
wherever a welder can work we can get to, too. 

Another important application is the examination of 
welded fuselage structures in airplanes. Practically all 
European aircraft manufacturers have been equipped with 
X-ray machines for a good many years. Some of the 
more recent experience has been described by Schmidt 
(694). In marine construction too, European navy 
yards are well-equipped with X-ray units. One of the 
first was the navy yard at Copenhagen. A few years 
later Wilhelmshaven followed with a large portable 
X-ray installation (417). 

Much valuable information concerning the practical 
experience with magnetic-powder methods for weld 
inspection can be found in a series of reports from the 
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to the initiation of the tests, as a result of which jt 
now possible to make repairs with an assurance of 





. leir 
safety, which could not be assured before. It is gratify work 
ing to know that manufacturers and contractors have « whit 
operated by training their welding operators thoroughly tube Ww 
supervising their work and eliminating those whom the long 
tests prove are not competent to produce sound wel inch 
pat 
na 
ali 
Sis 
agi 
be 
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Reich’s X-ray laboratory.' They also discuss Amer 
practice.” 
The author was especially interested in Mr. ( 
penter’s remarks concerning the use of radium for { 
weld inspection, but regrets that he failed to ind 
the quality of his results. Our experience checks 
that of other independent workers in this field (50 
433) and has been completely justified now by a stat 
ment of Mr. Hugo W. Hiemke, representing the opi 
of the Bureau of Engineering, U. S. Navy, as foll 
“Up to thicknesses of two inches the X-ray meth 
more sensitive, and requires much less time.’ I 
for this very reason that, as mentioned above, the 
Navy Department is purchasing X-ray equipment for th 
inspection of welded pipe joints. 
Mr. Carpenter states in part: ‘‘No more port 
X-ray apparatus than the present portable-tube ty 
'W. Schirp, “Results, New Possibilities and Limitations of M , 
Testing Methods,’’ Stahl & Eisen, 58, p. 235, 1938 
?R. Berthold, ‘‘Magnetic-Powder Method Inspection in | 5. A 
Ver. d. Grosskesselbesitzer, 65, pp. 370-371, 1937 
+ Welding Handbook, A. W. S., p. 772, 1938 > 
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yas been devised.” This is a statement of fact which is 
incorrect and misleading. We are using in practical 
work and have been using for two years equipment 
which goes everywhere the welder goes.‘ Our X-ray 
tube weighs about 100 Ib. and the shield is only 30 inches 
long, whereas Mr. Carpenter’s insert tube alone is 40 
inches long. Other features of this tube and our com- 
pact unit have been described in the original paper (747) 
and in more detail elsewhere (760). 

Since the original article was written about a year 
ago, we have had some additional experience which may 
be of interest. In one case which was reported to have 
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required about 25 per cent repair, the second unit was 
welded by the same welders. Due to their previous 
experience and training under X-ray control, these 
welders had perfected their technique to such an extent 
that they were able to turn out perfectly sound and 
acceptable joints Consequently, X-ray inspection 
could be discontinued. Again on another job which 
was done by crack welders, still quite a few welds needed 
repair 

he more experience we have and the more welding 
jobs we see, the more we are convinced that X-ray 
inspection is not only a valuable aid but a necessary 
tool 


The USE of ELECTRIC RESISTANCE 





Welding in the Automobile Industry 


By Dr. ARMAND DI GIULIO' 


joining metals together is considered a relatively new 
development; however, while it is true that resis 
tance welding has received its greatest impetus in the last 


Jig use of electric resistance welding as a method of 


* Paper presented at Annual Meeting, A. W. S., Detroit, Mich, Oct. 16 to 
21, 1938 

t Assistant Professor of Metallurgy, University of Detroit, formerly Research 
Metallurgist, Ford Motor Company, Dearborn, Michigan 





decade, the application of resistance welding in the auto 
mobile industry dates back 30 years or more. In the 
early days of the Model T, about 1907, resistance weld 
ing was tried in making the brake pedals, but, unfor 
tunately, the first attempts did not meet with the suc 
cess which had been anticipated. When we think back 
of the materials and the machines which the early 
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Fig. l—dJaws and Electrodes for Butt Welders 
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Fig. 2—Ring Gear Before and After Welding Operation 


welders had at their disposal, it is no wonder that the 
quality of the welds was relatively poor. 

Che industrial development, which took place during 
the World War period and in the years following, is 
generally responsible for the improvements brought 
about in the quality of the weld, and in the lower cost of 
production. A casual visit to any of the modern auto 
mobile plants will show that in the making of a car no 
other fabricating method is as extensively used as elec 
tric resistance welding. 

Resistance welding, in all its variations, is essentially 
a new version of the old forge welding; that is, the union 
of the metal is accomplished by the combined action of 
heat and mechanical pressure. Thus, in resistance weld 
ing, one is confronted with some of the problems which 
confronted the blacksmith, and with the new problems 
brought about by the mechanization of the process. 


IMPORTANT FACTORS 


Briefly summarized, the three most important factors 
of resistance welding to consider are: (1) materials to 
be welded, (2) electrode materials and (3) pressure and 
current control. 

|. Materials to Be Welded.—In any welding process, 
one must take into consideration the thermal and elec 
trical properties of the metals to be welded, the changes 
in the properties of the metals at elevated temperatures 
and the structural changes which may occur while the 
metals are being heated. In the construction of auto- 
mobile bodies, this problem is somewhat simplified be 
cause of the fact that the material is, in general, low 
carbon steel sheet. On the other hand, in engine parts, 
chassis parts and accessories, cases are found in which 
dissimilar metals are welded together. At times, the 
problem involves parts which must be subjected to heat 
treatment, in which case, phase changes or the formation 
of a new constituent, as the result of the heating to 
welding temperature, must be recognized. A _ typical 
illustration is furnished by the welding of stainless steel 
of the 1S-S type in which the heating to welding tem- 
perature, if not properly controlled, may cause carbide 
precipitation, which, in turn, lowers the corrosion resis- 
tance of the metal. 
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is essential that 


not 


This is due 


traced to poor cooling. 


can be established. 
closer the water can come to the tip 
without impairing the strength of the point, the 
will be the weld, and the longer will be the life 


electrode. 


Standard spot-welding electrodes and jaws 
and flash welders are generally made by machinu 
forging and machining bar stock of the alloy dé 
The Ford Motor Company, however, has for the | 
years very successfully used cast spot-welding tips 
jaws. The casting process in the case of spot-wel 
tips, has materially reduced the amount of metal 1 
machined, and has permitted the casting of irr 
shaped electrodes, which would require expensive 
In the case of jaws, the Ford Motor Com 
has eliminated the use of hard-facing materials wv 
required a brazing operation. 
operation, the results obtained with cast electrodes a1 
justify their use. r tl 
welding electrodes and jaws for butt welders whic! 
cast by the Ford Motor Company 


ing dies. 


> 


of the pieces. 





Fig. 3—Fuel Pump Push Rod Before and After Welding Operat 


Figure 


3. Pressure and Current Control. 
mentioned that resistance welding 
of mechanical pressure in order to bring about the } 
In all cases of resistance welding, 
particular in the case of spot welding, the contro 
welding pressure is of great importance. 
rooming of the electrodes necessitating continuous ! 
and repairing, is primarily due to the fact that, di 
the welding operation, the pressure applied exceeded 
yield point of the electrode material at the temperat 





Che question of the 
electrode is unquestionably a very important one 
of all, the material must stand the load of the ma 
rhe tip pressure 1n the case of a spot welder, or t! 
sure at the jaws of a butt or flash welder is at tim 
areas of contact bx 
the work and the electrodes remain as constan 
sible during the life 
an important requirement 
Chis, however, 
harder the better, for, together with hardness, th 
trodes must possess other physical properties t 
stand the repeated stresses, and to insure longer 

In general, the physical properties of the electrod 
terials are greatly affected by the temperature. 
hardness and strength will occur during 
cycle if the electrode is heated above a certain soft 
temperature. 
worked alloy or alloys which have been age-hard 
will undergo structural changes when heated. 
material must possess high electrical conductivity 
localize the heating 
desired, and thus avoid sticking of the electrodes t 
work. As is known, electrical conductivity decri 
with increasing temperature; 
welding, especially, it is of primary importance tha 
electrodes be provided with adequate cooling 
Many cases of electrodes sticking to the work « 
It is almost impossible 
a definite rule by which the depth of the cooking « 
In general, it can be stated that t 


f the electrode: 


thus, in the case o 


It has already 
invariably makes 








ration. Again, we see here how important is the 
cooling of the electrodes. If the temperature 
tip is not allowed to rise, the yield point of the ma 
; considerably higher and the application of the 
re will not cause the metal to flow 
<terior parts of a car which have to be enameled or 
i with other protective coatings, it is essential 
he surface be smooth to avoid costly p lishing. 
iis reason, the impression left by the electrodes 
| be kept at a very minimum; thus, it is important 
urticularly in spot welding, the pressure and cur 
yeles be synchronized. For this purpose, there 
eral types of timing mechanisms: (a) manually 
rated switches, (5) electric relays, or (c) electronic con 
Regardless of the type used, it is important that the 
per synchronization between pressure and current 
le be maintained so as to assure the uniformity of 


ty which is necessary for production operation 


TYPICAL APPLICATIONS 


order to present some typical illustrations, let us 
nsider briefly the more important applications of re 
welding in the three main parts of the car; 
1) engines, (2) chassis and (3) body 


sistance 


umely 
Engine 


First of all, in the engine, we shall consider the making 
{ starter ring gear. 

Starter Ring Gear.—The starter 
juires the welding of the rim blank. 
ried out in a flat top flash butt welder having a 
ranstormer of 100 kva. capacity. The ring blank is 

inch x inch and the steel used corresponds to 
Ford Specification for EEE Steel, which is similar to 
S. A. E. 1045. The gripping of the ring in the jaws is 
hydraulic, and, while the preheating cycle is manually 
ntrolled, the final step is automatic. In this opera 
tion, we are able to maintain the burned out material to 
inch and the upset to '/s inch. After welding, the 
is annealed at 1300° F. for 50 minutes and is ready 
for the gear cutting and the final heat treatment 
b) Fuel Pump Push Rod.—The fuel pump push rod, 
omposed of three parts is assembled by means of spot 
welding The machine used is a _ standard spot 
welder which utilizes a spring system for the application 
Phe electrode is specially shaped at the tip 
so as to conform to the contour of the rod and in one 
peration a continuous weld is made joining the three 
Figure 2 is a photograph showing the 
rng gear and Fig. 3 the fuel pump push rod before and 
ulter the welding operations. 

Fly Wheel Pulley.—The fly wheel pulley is made 

three parts, the flange, the rim stamped from hot 
rolled sheet steel 0.074-0.082 inch thick, and the hub 
which is made of a free cutting steel. The operations are 
as follows: first, the flange is spot welded in four places 
on the hub with a Standard Spot Welder equipped with 
a 40 kva. transformer, next, the rim is spot welded in 
six places to the flange in a standard spot welder using 
1 SU kva. transformer. In both of these operations, the 
welding is done under a stream of water in order to keep 
the electrodes cold. Figure 4 shows the parts and the 
issembled pulley. 

t) Oil Pan.—The part in 
uds its largest application is 
made of 15-gage material hot 


uh 


ring 
This operation is 


gear re 


| pressure 


t 


pieces together. 


which resistance welding 
the oil pan. The pan is 
rolled, oiled and pickled 
ich is rough formed, then normalized at 1700° F. in a 
scaling furnace, followed by a restrike operation 
Which forms the contour. Without going into actual 
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Fig. 4—Parts and Welded Fly Wheel P 


detail in the assembly of the pan, I shall say that us¢ 
made of projection welding to fasten the drain bushing 
to the bottom, to weld the tapping nuts to the fly 


wheel housing reinforcement, and in fastening the oil 
retainer to the pan 
hydraulically controlled. Single spot welders are used 
to weld the baffle plates to the pal 


In the cases the welders art 


ind the starter plat 


to the fly wheel housing. In attachiyg the fly wheel 
housing to the pan, a spot-welding machine with a 
transformer of 100 kva. and air operated controls, allows 
three welds to be made at once 
Z Chassis 

In the chassis we find several applicat sof resistances 
welding 

a Torque Tube In the cast f the torque tubs 
both the flange and the ball ends are welded to a stand 
ard flash butt welder in which air pressure is used 1 
clamping the stock and the other weldins hydraulically 
controlled The transformer 1 350 kva., the stock 
used for the weld is inch and the upset 1 ch 


The time required for each weld including loading and 
unloading the machine is about 30 seconds 


b) Drive Shaft.—In making the drive shaft, both the 
male and female splines are welded by meai fa Star 
dard flash butt welder with 100 kva. transformer 

( Radius Rods.—Another application is found u 
the assembly of the radius rods. These rods consist of 
tubular section at the end of which steel forgings art 


welded. The right and left foot are forged S. A. I O40 
which have been quenched and drawn before welding 
The yoke of the rods is also a steel forging of a comp 
tion similar to S. A. E. 1030 These weld ire made 
in a Standard flash butt welder in which the clamp 
ing mechanism is air controlled, and the final pressure 
mechanically applied 

d Gas Tank.—Seam welding finds its use in the 
fabrication of the gas tank In this case, the material 
welded is terne plate The operati ns are carried out 
a series of welders Che water cooled electrodes used 
on this operation are made of forged copper which 
in this particular application, has proved to be the most 
successful material primarily because ery litth 
tendency for sticking to the terne plate, and al becaust 


Cost 


of its relativelv low 
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3. The Body 


The greatest application of resistance welding in the 
making of a Ford car, is found in the assembly of the 
body. It is common knowledge that the quieter, safer 
and larger bodies of the present car could not be economi 
cally built if resistance welding were not used. Re 
sistance welding has permitted the joining of many 
parts into one assembly which formly were held together 
by bolts and nuts. The rattling noises have been elimi 
nated thus adding to the comfort of the passenger. 
Bodies have been made lighter and structurally stronger 
increasing in this manner both efficiency of operation 
and safety. 

The variety in design of welding machines used in the 
making of the bodies is quite large, and generally depend 
on shape and size of the parts to be joined. It is op 
portune to mention that the tendency is toward the use 
of the multiple type of machines by which many welds 
are made at once. Also the use of the gun welder has 
brought the welding machine to the work instead of 
carrying the work to the stationary welder as was 
formerly done. Resistance welding in this case has re 
duced the use of arc and gas welding, and has resulted in 
cleaner and safer working conditions. 

(a) Steel Top.—Typical application resistance 
welding is the assembly of the steel top. The fixture 
used is made up of 6 gun welders with which 4 operators, 
after clamping the various parts, weld together with 
spots 2 inches apart the following: 


of 


1. The drip molding 

2. The ventilator frame 

3. The back window 

+. The windshield frame assembly. 
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b) The Door.—The assembly of the door als: 
the extensive application of welding. In this ca 
three pieces of the frame are welded together: 
Standard flash butt welder with hydraulic clampin; 
automatic upsetting. . Next the regulator panel is y 
to the frame in a multiple spot welder by wl 
welds are made at the same time. This multipl 
former machine uses electronic control for the c 
cycle. The next step is welding of the glass ret 
channels by means of projection welds, 6 in each cl 
The machine used is a hydraulic with a 12 
transformer. Finally, the outer panel is welded 
hydraulic spot welder which also makes use of electr 
control for the current; it uses 6 transformers rated 
100 kva. and makes 32 spots. 

Final Assembly.—The final assembly of the b 
such as the joining of the top and side panels, floor 
and dash is done by means of hydraulically cor 
gun welders. 






(C) 
1 
| 
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CONCLUSION 


From this brief survey, one may safely deduc« 
in the future with the combined efforts of the Welding 
and Metallurgical Engineers, resistance welding will fi: 
greater application in the manufacture of better a: 
more economical automobiles. 
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WELDING in the CONSTRUCTION of 








By H. C. HETTELSATER’* 

HIS discussion of the subject of the application of 
arc welding to the construction of cranes and exca 
vators will deal mainly with the mechanical and 
structural features of design involved, and the effect of 
the use of this process on the product as well as the com 

mercial and economic factors involved. 
Illustrations of the application of welding are included 
to show the degree to which this process has been applied 
the manufacturing of these two types of equipment 

luring the last eight or ten years. 
a [he entire material handling machinery industry, of 
, which cranes and excavators form an important part, 
- has been passing through a period in which revolutionary 
changes in design have been made in order to keep abreast 
f the present-day trend of eliminating excess weight in 
ull types of moving machinery. These redesigns, which 
had their inception in a desire to reduce weight, also had 
for their object a reduction in manufacturing costs which 
would permit of offering the users of these types of equip 
ment outstanding values, both in first cost and in operat 
g costs. 

In many respects the design changes have paralleled 
the recent developments in the automotive field where 
by consistent research and by development of new and 


tive Engineer, Harnischfeger Corp 


Fig 


l—A Standard Type H-Crane 10-Ton Main Hook and 3-Ton Auxiliary 
Capacity 








Fig. 2—An Example of an All-Welded Excavator. 
with 100-Foot Boom 


Al 


-Yard Dragline 
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stronger materials, it has become possible to produce the 
present-day automobile and truck, with its remarkably) 
low cost and its extremely low operating and mainte 
nance costs compared with the products of ten years a 


lhe recent developments in the railway field have also 
spurred on the builders of cranes and exca’ 
a comparable job of adapting thes 


ators to doing 


materials and 


cw 


processes to the building of their product New ma 
terials, such as low-alloy structural steels, have been de 
veloped for use in railway equipment 1 these same 
materials have been found to be very useful in the build 
ing of excavators particularly heir use has resulted 
in very pronounced weight savings and a definite increase 
in the payload which can be carried 

Che carrying of excess weight in a erhead traveling 
crane 1S expensive to its user in two way First, in the 
relatively high cost of the crane due to its higher material 
cost, and second, due to the fact that the exes weight 
in the crane trolley and girders must be carried on the 
crane runways. These runways are often many hut 
dreds of feet in length, and very substantial savings can 
be made in the cost of construction of factory buildings 
if the cranes are designed to take advantage of the e ( 


mies in weight which are possible by an extensive use of 
welded steel construction 


Figure 1 is shown to give a general idea of all welded 
steel construction as it has been perfected in over 
head cranes 

Che girders, end trucks, trolley frame, operator’s cage, 
gear cases and platform are all welded Vhe er-all 
weight of this crane is from 10 to 15%, I than it would 
have been if cast and riveted construct had been em 
ployed 

Excavating machines also offer extensive opportunities 
for the application of welded design. The machines under 
discussion are of the portable type, mounted on Cater 
pillar crawlers 

Figure 2 has a unit welded upper machinery frame, 
and also a unit welded lower frame in which all members 
which carry heavy bending stresses are of structural alloy 
steel. This is the first excavator of this size which has 


both the upper and lower frame f welded construction 
This machine set up to handle a ird dragline bucket 


weighs substantially less than the previous design of drag 
line which was built with cast steel base plate and car 
body Most of the reduction in weight is due to the 


the use of 
ireful 


verhanging 


economies in weight which are traceable t 
welded construction in plac 
distribution of machinery weight, so that the 
loads could be properly counterbalanced 
The bucket is of all-welded alloy teel, mad 


as possible and still stands up under the work to be 


ot castings and toa< 


done 
The boom is of alloy steel, with frequent upports to re 


duce the bending stresses due to the dead weight of the 
boom. 
Excavating machines carry an over-hanging boom 


which carries the dipper or bucket, or which carries the 
hook for lifting crane loads. 


[his boom is always in an 








Fig. 3—All-Welded Trolley Side for Heavy Duty Crane 


Fig. 5A Typical Example of a Welded Trolley Cross Girt for Carrying 
the Main Load 


over-hanging position and the boom, bucket and load 
must of necessity be suspended outside of the supporting 
frame. Therefore, it is extremely important that as much 
excess weight as possible be eliminated from the boom 
and bucket or dipper, since every pound of weight at the 
point of the boom must be counterbalanced by approxi- 
mately five pounds in the main part of the machine. 
This fact has led to a very extensive use of welded alloy 
steel in the building of excavators. 

The economic pressure which was brought to bear on 
this industry in the early years of the depression hastened 
the adoption of arc welding as a production method. 
The perfection of welded designs and also of the methods 
of fabrication advanced rapidly until now it can be said 
without fear of contradiction that the use of arc welding 
and alloy structural steels in the construction of cranes 
and excavators has definitely passed out of the experi- 
mental state, and is here to stay. 

The early applications of arc welding were made for 
the principal purpose of eliminating pattern costs and 
resulted in the substitution of welded steel parts in place 
of cast steel and cast iron in a number of minor parts. 
This was especially true in the crane industry and also 
in the heavier classes of excavators, which are not pro- 
duced in large quantities. These early attempts to in- 
troduce welded construction were handicapped by the 
fact that shielded arc electrodes were not fully developed, 
and as a result, the application of welding was confined 
largely to parts which were not subjected to very great 
impact loading. 

When the shielded are electrodes became generally 
available, it was possible to broaden the scope of welding 
applications in both the crane and excavator industries, 
and to include as-welded parts many machine and struc - 
tural items which were subjected to shock and impact 
loads. This included such crane parts as trolley frames, 
girts, truck frames, end trucks and gears. 

Figure 3 shows a typical example of an all-welded trol- 
ley side for a heavy duty crane. Note that the bearing 
brackets are welded as an integral part of the frame. The 
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Fig. 4—A Typical Rolled Steel and Welded End Truck for a © 





I 

pie 

Fig. 6—Welded Equalizer Frame 11] 

( 

el 

bearing blocks are solid billet stock. The main sect or] 
is bent into a U shape and the top plate welded o: it 
to close up the box section. ss 
With bearing brackets all assembled as a perma oe 
part of the frame, it is possible to machine all beari , 1 
fits in one setting, assuring accuracy and proper ain 
ment of shafts. nv 
Figure 4 is a box section, all welded. By weldins ol , 
connections, it was possible to omit all connection ai te 


and as a result the weight was reduced 10 to 15° as. 
pared with the previous design which was riveted stru 
tural steel. Note that bearings are welded in plac: 
permanent part of the frame. 

The raised ends for bearing seats provide ample sect 
for heavy wheel loadings with integral line shaft beari 
brackets. 

The wide cover plates and rigidly attached g1 
plates assure a permanently aligned crane bridge 

This unit in Fig. 5 is designed for bolted connect 
to the trolley sides. Some of the trolleys are built 
the girts welded to the trolley sides, but this cannot 
done on the wider trolleys on account of shipping cl 
ances. 

This equalizer frame in Fig. 6 is used on 8 or }6 w! 
cranes. The all-welded construction allows for flexibilit 
in design since no pattern charges are involved in maki 
changes to meet varying load conditions. 

Most of the parts referred to were redesigned for w 
construction without radically changing the shap 
appearances of the part. This was largely due to a la 
of experience on the part of the designer, and also du 
a lack of equipment in the shop for forming and cut 
heavy plates. Even in spite of these handicaps it 
possible to make substantial weight savings. 

During the year of 1934 great forward strides 
made in the application of arc welding to cranes 
to excavators in particular. The experience whic! 
been gained in the earlier years in fabricating parts w 
were largely copied after parts previously used, ha 
this time given the designers and welding techni 
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et information to enable them to embark on a 
ram of redesigning parts and also complete machines 
-» that arc welding could be applied to the best advan- 
of the first steps was the building of gears for 
es and excavators of all-welded construction in place 
t steel. In the crane business especially, the use of 
steel gears presented a difficult problem because of 
e great number of different sizes of gears required to 
neet the varying speed demands. This entailed very 
hich pattern costs and delays m producing castings. To 
meet this situation, welded gears were developed which 
sould be interchangeable with cast gears and it was 
found by experience that welded gears could be produced 
at a very substantial saving as compared with cast steel 
9 A few typical examples show that a gear 15'/» 
inch P.D.—4 D.P.—2!'/2-inch face, made from cast steel 
weighed 99 lb. A welded gear which was interchangeable 
with this gear, and of a greater load carrying capacity 
weighed 75 Ib. 

{nother example of a larger gear, 24-inch P.D.—3 
D.P.—3-inch face weighed 196 lb. as a cast gear and 171 
lb. as a welded gear, a saving of 13%). These examples 
are typical of what can be done along this line. 

There are other distinct advantages to be gained by 
substituting welded gears for cast steel gears. It is pos 
sible in a welded gear to select the most suitable grade 
of material for each part of the gear. For instance, the 
rim can be made of relatively high-carbon steel which 
offers greater resistance to wear in the teeth, and the 
web and hub can be made from softer grades of steel 
which are readily machined, and which have relatively 
higher ductility. This opportunity for selecting the best 
suited material for each component part of the gear is 
me of the most important factors responsible for the 
savings which have been obtained. 

rhe center of the welded gear in Fig. 7 is a steel casting 
secured to web by welding. The rim is made of S.A.E. 
1040 steel, the balance of rolled steel is of mild steel 
plate. Welded gears have averaged 15 to 20° below 
interchangeable cast gears in weight. 
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Note that the web reinforcing rigs in Fig. S are made 
of bent plates. This makes a stiffer rib than a vertical 
plate with no increase in the amount of welding. 

Most of our welded gears are made with S. A. E. 1040 
steel in the rim, and low-carbon steels for the web, ribs 
and hub. The connecting welds between the web and 
the rim are of either two or three passes, and the entire 
gear is always stress relieved before machining 

About this time (1934) the various 
introduced their high-tensile alloy 
These types of steels are what is known as 
steels and were made available in plates, bars 
tural shapes. The yield point of these alloy steels varies 
from 50,000 to 70,000 Ib. per square inch, and the ulti 
mate tensile strength varies from 65,000 to 95,000 Ib 
per square inch, depending on the grade of 
steel selected The comparable figures on carbon steels 
are yield point 35,000 Ib. and an ultimate tensile strength 
of 60,000 Ib. minimum. It is, therefore, apparent that 
the substitution of alloy steels for carbon steels will pet 
mit a reduction in sections of from 30 to 50°, while still 
maintaining the same factor of safety 

Due to the widely varying load and service conditions 
existing in the various parts of an excavator, it has been 


steel companies 
the trade 
low-alloy 


and struc 


| 
steels to 


ype and 


found advisable to adopt several different grades of alloy 
steels in order to cover the range of applications 

For example, for shovel dippers and for dragline 
buckets we use an alloy steel which presents the greatest 


possible resistance to abrasion. For 
fer steels with a carbon range from 0.35 to O 
ganese from 1.25 to 2.00. In welding 
steel, it has been found to be advisable to use a welding 
electrode which produces a metal of about the same 
physical properties as the parent metal. By so doing, 
the designer can depend on the joints being 
rest of the unit. 

The dipper in Fig. 9 is constructed entirely of rolled 
alloy steels with the exception of the cutting lip, which 
is a manganese steel casting. 

The use of welded construction in this size of dipper 
resulted in a weight reduction which was sufficient to 


this service we pre 
50 and man 


these classes of 


as gor rd as the 





Fig. 7—Welded Gear with Clutch Center 
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Fig. 8—Another Example of a Welded Gear 


















Fig. 9A 5-Yard All-Welded Shovel Dipper for Handling Iron 
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allow for an increase of from '/2 to 1 cubic yard of pay 
load without an increase in the size of the shovel. 

Shovel dippers made from welded alloy steel with 
cast manganese steel used only for the actual cutting 
lips, are being used very extensively to replace the all 
cast manganese steel dippers which were previously con- 
sidered standard for shovel service. A few typical ex 
amples of the weight savings will serve to illustrate the 
advantages gained. 

A l-yard welded dipper with manganese lip weighs 
about 25° less than a cast manganese steel dipper. This 
Saving is the equivalent of '/, yard of pay load. 

Over a range of sizes from '/»-yard capacity to 5 yards, 
the average weight saving which has actu: ully been made 
is 25° There are now several hundred of these welded 
dippers in use which are giving very satisfactory service. 

Welded alloy structural steels have been generally 
applied to other parts of excavator front end attachments 
such as dipper handles, shovel and hoe booms, dragline 
and crane booms. The reductions which resulted from 
the use of welded alloy steels are of extreme importance 
because these parts are overhung outside of the support- 
ing base, and their weight must be counterbalanced by 
weight in the machine itself. 

Various other structural members such as lower frames 
for excavators and crawler frames have been economically 
constructed using welded alloy steel and the results have 
been very satisfactory. It must be pointed out in this 
connection that in order to obtain the full advantage of 
this type of construction, it has been found necessary 
to discard the old methods of design and oftentimes 
to radically change the shape of parts previously used, 
and select shapes and designs which are suitable for 
economical fabrication as welded parts. 

In both the crane and excavator business, it was found 
desirable to combine as many parts as possible into one 
unit frame. This applies particularly to trolley frames 
for cranes, and main machinery frames and car bodies 
or lower frames for excavators. An outstanding example 
of this is in the main frame of an excavator. In the older 
types of construction this main machinery frame con- 
sisted of a cast base plate which carried two side stands 


Fig. 1O—A Typical Example of an All-Welded, Alloy Steel Dragline Bucket 


form 
mall 
the b 
for e 
boom 
box ¢ 


Th 








parts were all made separately and fits were mac! 


and parts were assembled by bolting 





Fig. 1l—A Comparison Between an All-Welded Alloy Steel Underfra 

and a Cast Steel Frame for the Same Capacity Excavator. The Act 

Difference in Weight Between the Welded and Cast Car Bodie Ss ws 
Saving of About 40 Per Cent in Favor of the Welded Frar 


FF om, * 





Fig. 12—Main Machinery Frame for 2'/»-Yard Excavator. Note That rd 
the Bearings and Machinery Locating Points Are All Self-Contained % 
and That the Frame Is So Constructed That All of the Machinir BI Er 
Be Done in One Setting. This Assures Perfect Alignment of All Ma te 


: Bie ae h d Is As A t the Mach G Out o 
and a number of cross stiffeners or separators. These ° are ab 5 ths bnaasntne te oa Belted Gennnetiens * 
26 THE WELDING JOURNAL NOVEMBER 











he modern excavators all of these parts are com 
| into one piece of welded construction. This elimi 


{ 
i a large number of machined fitting points, and 
also assures alignment of bearings since all bearing seats 
cal machined at one setting. 

In forming the plates for the combined side stands 


snd base plate, the side stands are usually kept an in 
tegral part of the main bottom plate. This is not uni 
versally true, however, since at times this feature of the 
design is limited by the width of plate which can be ob 
tained. In general it has been found economical to use 
bent plate construction in preference to making extra 
welded seams. This, of course, requires the use of a 
rather large bending brake to avoid the expense of hot 
forming plates. Bent plate construction, in which the 
main plate is bent into a U shape, is generally used in 
the building of steel trolley sides, trolley girts, side stands 
for excavators, axles for excavators, lower frames, shovel 
booms and many other parts which lend themselves to a 
box girder type of design. 

lhe Harnischfeger Corporation produced the first all 
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welded excavator early in 1935. These were what were 
known as the Bantam weight machines and were built 
in */s-yard and '/»-yard capacities These models em 
bodied radical changes in design and construction to take 
full advantage of the weight savings which could be 
realized by a liberal use of alloy steels and by all-welded 
construction in the dippers, dipper handles, boom, main 
rotating frame and in the car body 

he very extensive use of arc welding and alloy struc 
tural steels in these excavators resulted in weight sav 
ings of close to 25°) as compared with previous designs 
of the */s- and '/s-yard shovels which were built mainly of 
cast steel 

[he same principles of redesig 
in the Bantam weight excavators 
used in the rede velopme nt of the larger sizes of excava 
tors produced by this Company. The full line of gasoline 
and Diesel driven excavators which range in size from 

s yard up to 3 yards are now of th welded type 
About seven hundred of the all-welded type of excavators 
are now in actual and successful operati 
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perseasicon’ High Temperature steel Valves 


ALVE manufacturers are constantly confronted 
with metallurgical problems which the ever in- 
creasing operating pressures and temperatures 
impose upon materials that enter into valve construc- 
tions. Within a relatively short span of vears the pres- 
sures and temperatures in steam power plants have risen 
from 100 pounds per square inch at 338° F. to 1500 
pounds per square inch at 950° F. In the oil industry 
the rise has been even more phenomenal and cracking 
stills are now operating at pressures of 3000 pounds per 
square inch and temperatures of 1200” F. Both of 
these enterprises are contemplating further increases in 
pressures and temperatures, with a view toward im- 
ward improving thermal efficiency and greater output. 
Designs of equipment and materials for the 2500 pound 
* Presented at 19th Annual Meeting AMERICAN WELDING Soctery, Detroit 


Oct. 16 to 21, 1938 
+t Research Engineer, Crane Co. Research Laboratories 





Fig. l1—Carbon Molybdenum Cast Steel Gate Valves with, Deposited 


ating Surfaces 
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Fig. 2—Cross Section of Steel Globe Showing Deposited Seati: 
Surfaces 


and 4000 pound standards are now being worked 
with great fervor. 

During this period of evolution the materials o! 
ponent valve parts have undergone rather rap'd ch 
to meet the continuous advancement of operating 
tions. The bodies and bonnets, which compris 
pressure-containing shells of valves, have changed 
cast irons, malleable irons and bronzes to cast and | 
carbon steels and numerous types of alloy steels 
alloy steels used are of both the low-alloyed typ: 
taining such elements as nickel, chromium and n 
denum, and the high-alloyed austenitic types, de] 
ing upon the specific service requirements. The 
nal valve operating parts have also undergone 
changes, especially the seats and disks, which ar 
jected to the most severe abuse. In the early days 
were made from bronzes, but as pressures and 
peratures mounted it became necessary to conti 
adopt other materials or combinations of materials 
as monel metal, cast nickel-copper-tin alloys, 
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Fig. 3—Small Carbon Molybdenum Forged Steel Globe Valve Fig. 4—Gate Valve Disk Eroded on Steam Service 
with Integral Deposited Seat 



























; steels, nitrided steels, stainless irons and finally the sizes The seating surfaces of the disk and seat ring 
present ultimate of deposited surfacing alloys are also of deposited alloy material, particularly on globe 
lhe general practice, at least by our company, is to valves intended for service at elevated temperatures 
employ deposited surfaces on disks and seats of all valves On the smaller sizes of steel globe valves the seating 
used on steam temperatures above 750° F. Although material is sometimes deposited directly onto the body 
numerous styles of valves are utilized in most piping in seat bore, thereby eliminating the seat ring, as pictured 
stallations, the bulk of production is in the gate and globe _ in Fig. 3. Globe valves are used quite extensively for 
types, as these meet most requirements in controlling controlling flow by throttling, or in other words the lift 
the flow of fluids. Consequently this paper will deal of the disk is varied to obtain the desired rate of flow 
with the bi-metal construction of thesé two basic designs 
valves. SELECTION OF SEATING MATERIALS 
A gate valve for high temperature service, as shown by 
Fig. 1, has a sliding wedge gate or disk, which, when In valve construction the selection of seating material 
losed by means of the threaded stem, seats against the 1s of vital importance as these are subject to extremely 
g body rings mounted in the body and forms a pressure- severe service In order for material to be regarded as 
tight connection. The seating surfaces of the disk satisfactory it should possess high resistance to erosio1 
and body rings are of deposited alloy material, the base abrasion and corrosion, withstand heavy loading with 
metal of these parts being of an analysis suitable for the out galling or siezing under high temperatures, and offer a 
particular service requirement that the valve is to opet fair degree of machineability, at least it must be readily 
ite under. The body rings are either screwed or welded ground and lapped. When the material is deposited it 
nto the valve body, the latter method becoming: neces should flow out smoothly so as to minimize the amount 
sary on higher operating temperatures to overcome the applied and reduce the quantity of metal removed | 
lffculty of the body rings loosening in service due to machining or grinding 
lifferences in expansion and contraction between the One of the most salient properties that a seating mate 
rings and body. Gate valves are primarily intended for rial should have is high resistance to erosion as whe 
shutting off and starting the flow of fluid in a pipe line, valves are throttle or not tightly seated the velocity 
hence they are generally kept in either the closed or open of the fluid flowing through the valve increased tre 
position. mendously, causing a serious erosive or “‘wire-drawing 
\ typical globe valve, illustrated by Fig. 2, has a cylin action on the seating surfaces. Figur hows damage 
il tapered plug disk with a screwed-in, a screwed-in to the seating surface of a gate valve disk caused by er 


ind seal-welded or a welded-in seat ring on the larger sion in actual service 
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Fig. 5—Nozzle Fixture for Steam Erosion Tests 





Fig. 6—Steam Erosion Nozzles in Operation on 350 Pounds Steam 


Until quite recently the practice of studying materials 
to resist ‘“‘wire-drawing’’ was to install test valves on 
steam headers and keep the disks minutely opened from 
the seats so as to obtain high velocity steam flow. Cor 
relation of test results was generally very difficult be 
cause it was almost impossible to control the velocity 
through the test valves accurately and the test periods 
required to show any definite results ran into months and 
even years. 

After considerable experimentation with various meth 
ods of erosion testing a system was finally developed 
wherein quick and accurate results are obtained. A 
fixture, as shown in Fig. 5, was designed to hold metal 
specimens 1'/, inch in diameter and '/, inch thick. The 
fixture is of a two-piece construction; the lower part 
or body encloses the test specimen and is threaded to 
receive the nozzle having a '/;. inch diameter orifice, the 
face of which is maintained at a distance of 0.005 inch 
from the surface of the test specimen. The upper end of 
the nozzle is provided with a steam connection. The 
jet of steam flowing from the orifice impinges upon the 
specimen and spreads out radially at high velocity 
through the restricted area, eroding the specimen as it es 
capes into the exhaust provided by drilled holes in the 


side of the body. Figure 6 shows four of these “‘wire 
drawing”’ nozzles in operation. 
The relative erosion resistance of various ferrous 


and non-ferrous alloys has been determined by this 
method. Figure 7 shows examples of test results of some 
materials. Classification of the metals in relation to 
erosive properties is accomplished by microscopically 
measuring the depths of the craters and by examining 
macrographs of the eroded specimens. The results 
shown in Fig. 7 were obtained by a one hundred hour 
test on 350 pounds saturated steam pressure. The 
macrographs are magnified approximately eighteen 
times. 

These investigations have indicated that hardness is 
not an index of a metal’s resistance to erosion. This is 
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evidenced in the nitrided steels which have a hard; 
1. .4e thousand Brinell hardness number range and offe 
erosion resistance. The stainless irons and steel 
while not particularly hard compared to the nitrj 
steels, display excellent resistance to erosion. In the 
case of deposited surface hardening materials it ap, 
that alloys such as the cobalt-chromium-tungster 

give superior results over the cemented tungste: 

bides or borides, even though there is a tremendous diff 
ence in hardness values. The poor resistance to erosio, 
offered by surface hardening materials having hard pa; 
ticles suspended in a relatively soft ferrous matrix js dy 
to the fact that the matrix itself has a very low resistanc 
to erosion. From our observations it appears that er 

sion is probably the result of a combination of mechanical! 
wear and corrosion of the metal surface by the fluid 
That corrosion is a factor seems to be indicated by th 
excellent performance of stainless materials, which ca; 
be attributed to their high degree of corrosion resistanc 
Although numerous metals display superlative resistance 
to ‘“‘wire-drawing’’ or erosion, they cannot always by 
used as valve seating materials because of their tende1 
to seize or “‘gall’’ when operated. 
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RESISTANCE TO SEIZURE 


In selecting seating materials for valves with sli \ 
ing disks, such as gate valves, it is of prime importa: 
that they have good bearing properties and retain their 
hardness at elevated temperatures so as not to seiz 
gall when operated under heavy loads. During the ope: 
ing and closing operations on high pressure valves t! 
seating loads, caused by the line pressure acting o 
side of the disk with atmospheric pressure on the ot 
side, will exceed 20,000 pounds per square inch. [i 
improper material is used galling is bound to 
rapidly, as shown by Fig. 8, wherein a gate valve dis! 
only operated twice under test conditions on 350 pound 
saturated steam with disastrous results. The seating 
material in this case was 12% chromium iron and i 
outstanding one as far as steam erosion is concerned 
is not suitable to operate against a material of similar 
characteristics in steam valves where no lubricatiot 
obtained by the fluid. When a dissimilar metal is used 
with this type of material the results are much improved 
However, in oil refinery service 12% chromium i 
very satisfactory. 

In order to determine the relative resistance of seatu 
materials to galling, special test specimens are first 
jected to a laboratory wear test in a machine as show! 
Fig. 9, in which the sliding action of a disk in a 
valve is simulated, the materials on test being rul 
together with a reciprocating motion while under 
stant load and in an atmosphere of steam at the di 
temperature. Figure 10 shows a series of test spec 
which have been subjected to such a test, and | 
illustrates, in more detail, results obtained wit 
posited cobalt-chromium-tungsten alloy and 12‘ 
mium4~ron. 

Materials which show definite promise in the preit 


1 


( 


nary laboratory experiments are further investigated 11 4 | 
actual service test by installing valves made up with the hei 
seating materials on a high-pressure steam line. (1 sca 
valves are then opened and closed either manually Dy flu 
means of a motor operated mechanism, blowing ' ing 
steam to atmosphere, thus imposing heavy loads on the ab 
seating surfaces. These operations are continued t tiv 


the seating surfaces fail or until the materials have p! m 
satisfactory. 
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12% Chromium Iron 


Nitralloy 


Cobalt-Chromium-Tungsten Alloy 


Cemented Tungsten Carbide 


Fig. 7—Typical Test Results on Various Materials Subjected to Steam Erosion 


RESISTANCE TO ABRASION 


T : . . ° . 
It is very desirable to use materials which have sult 


ficient hardness to withstand scoring or indentation by 


scale and other hard foreign particles conveyed with the 
fluid which might become lodged between the seats dur 
ing the opening or closing operations of a valve. The 
ability of a seating material to resist this action is a rela 
tively simple matter to determine as this quality is pri 
marily based on the hardness of the material. 
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NON-CORROSIVE PROPERTIES 


Valves are often required to operate under both mild 
and severe corrosion conditions, depending upon the 
particular process in which they functio1 It is, there 
fore, necessary to make comprehensive corrosion tests 
upon materials which are being considered for seating 
surfaces in the laboratory under conditions that emulate 
those met in the various phases of industry Figure 12 
is an example of how seriously valve seating surlaces are 


HIGH TEMPERATURE VALVES 31 








Fig. 8—Gate Valve Disk and Body Ring Damaged by Galling or 
Seizure of the Seating Surfaces on ‘‘Blow-to-Atmosphere’’ Test 


attacked when subjected to very adverse operating 
conditions. 

The final selection of materials for valve seats is usu 
ally a compromise as at the present time no particular 
alloy is outstandingly superior in all the desirable proper 
ties so as to make it universal in application to the nu 
merous and varying conditions encountered in high tem 
perature service. The materials chosen are the ones 
that meet most of the important requirements to give the 
greatest possible endurance for the particular design of 
valve and its function in a specific piping system. 

One of the most popular deposited surfacing materials 
that is being used for valve seats on steam service at 
elevated temperatures because it possesses many of the 
suitable characteristics is a cobalt-chromium-tungsten 
alloy. This material displays excellent resistance to 
wear, seizure and abrasion at high temperatures. This 
can be attributed to its unique property of ‘‘red-hard- 
ness’’ or, in other words, practically maintains its original 
cold hardness at elevated temperatures. It also with- 
stands certain types of corrosion remarkably well and is 
fairly resistant to erosion. 


DEPOSITING OF COBALT-CHROMIUM-TUNGSTEN 
MATERIAL 


The usual practice, at least at the present, is to de- 
posit this particular type of alloy manually by means of 
the oxyacetylene torch. This method of application 
produces smooth deposits and allows better control in 
preventing inter-alloying of the surfacing material with 
the base metal, which would otherwise lower the ‘‘red- 
hardness’’ with consequent reduction in galling and abra- 
sion resistance. Figure 13 shows a group of welding 
operators surfacing both small and large valve parts. 
The smaller disks and seats are mounted in rotating jaws 
or chucks which can be revolved at will by the operators 
by means of foot controlled motor driven gear reducers. 
Preheating is a very necessary requisite if cracking of 
the surfacing material is to be avoided and on smaller 
parts this is usually accomplished by means of the oxy 
acetylene flame prior to deposition of the alloy. On some 
small and intermediate size parts having relatively 
heavy cross sections the preheating is generally done in 
gas fired furnaces, after which they are placed in the 
rotating machines for depositing. This results in more 
uniform temperatures and improved operating econo- 
mies. In dealing with large parts, and also those 
made from certain types of alloy materials, which have 
peculiar cooling characteristics, it is necessary to main- 
tain the preheating temperatures uniformly in specially 





constructed furnaces wherein it is possible to dep 
seating material simultaneously with preheating 
is illustrated by the two operators in the foregr 
Fig. 13. 

The procedure for surfacing with the oxya 
flame consists in bringing a small area of the pr 
base metal to a sweating temperature. The e1 
welding rod is then brought into the carburizing, 





Fig. 9—Wear Test Machine for Studying Seizure of Meta! 
eavy Loading and Temperature 
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Fig. 10—Series of Metal Specimens That Have Been Subject: 


Seizure Test 
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Fig. 1l—Typical Seizure Test Specimens, Cobalt-Chromium-Tungsten Alloy at Left, and 12°, Chromium Iron at Right 


flame and allowed to melt and spread over the sweating 
surface. This operation is continued repeatedly by 
adding metal and the molten surface is spread by 
means of the welding flame. Our practice is to employ 
two or more passes as smoother deposits, free from blow 

holes, are thereby obtained and overheating of the base 
metal is minimized so that grain growth is consequently 
reduced, making it unnecessary to heat-treat after de 

positing with most of the simple alloy steels. The 
photomicrograph shown in Fig. 14 illustrates the sharp 
line of demarcation between the surfacing material and 
the base metal, indicating that practically no alloying 
between the two metals occurred. However, the fusiot 
is very thorough and the bond between the two is ex 
ceptionally strong 


COOLING 


rhe treatment after depositing also plays an important 
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function in preventing cracking of the deposited mate 
rial. Cracking is generally caused by differences in co 
efficients of expansion between the surfacing material 
and the base metal, this being particularly true in the 
case of the more simple steels. However, some of the 
alloy steels, upon being heated above the critical tem 
perature when depositing surfacing 


anaterials, undergo 


allotropic transformations during the cooling period 
This can be better visualized by making dilatometri 
studies upon the steels in questior 

Che heating and cooling curves plotted in Fig. 15 were 
obtained from specimens of carbon molybdenum and 


1-6% chrome © molybdenum alloy steels, which were 
heated and cooled in a dilatometer wherein the furnace 
containing the specimens was maintained in a helium 


atmosphere, thereby giving complete freedom from 
scale formation and decarburizatio It will be noted 
that upon heating a poimt is reached at which the steel 
suddenly contracts and continu 1 ( tract overt i 





Fig. 12—Some Examples of Corroded Disks and Seating Surfaces 
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Fig. 13—Group of Welding Operators Depositing Surface Hardening 


Material on Valve Parts 


considerable range of temperatures. Upon cooling a 
reverse effect is obtained, except that in inost instances 
expansion, due to transformation, takes place in two 
steps at rather widely separated temperature ranges. 
In the case of carbon molybdenum steel the two transfor 
mations have merged so that the lower one commences 
before the upper one has gone to completion. The split 
transformations, on cooling, appear to be characteristic 
of alloy steels and is perhaps accounted for by the lack of 
homogeneity in their structures. The alloy rich and car 
bide rich portions of these structures tend to be sluggish 
in their response to transformation and the result is that 
the major effects occur at exceedingly low temperatures 


Fig. 15—Critical-Point Determinations Showing Depressed Trans 
formation on Alloy Steel 
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Fig. 14—Comparative Structures of No. 6 Stellite Cobalt-Chromiun 


Tungsten Deposit and Carbon Molybdenum Base Material Showi: 
No Inter-Alloying Between the Two Metals 
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¥ It is considered good practice immediately upon com 
pletion of depositing the surface material to further heat 
the deposited and adjacent base metal, regardless of its 
analysis, to a uniform temperature and place the part 
in a container with powdered lime, as illustrated by Fig 
16. The thickness of the lime should be sufficient to 
give a very slow rate of cooling and our procedure is to 
cool from twelve to sixty hours, depending upon the 
size and shape of the structure. 








Aiter cooling, the parts are sand-blasted to remove all 
scale and present clean surfaces for the first inspection to 
note if any cracks are present. Minute checks or cracks 
are not always discernible until the surfaces have been 
M4 machined or ground. If cracks are found it is thet 
: necessary to resurface completely by following the de 
» scribed procedure of preheating, surfacing and slow 
cooling, as localized heating will only cause further 
cracking 
MACHINING AND GRINDING 
Fig. 16=llichaslinn the Gesline Mate of Gastece Berdened Paste by Parts to receive surfacing material are first machined 
Placing Them in Powdered Lime to predetermined dimensions with proper tolerances and 
allowances for shrinkage so that the finished deposited 
. It will also be observed from Fig. 15 that the cobalt metal is from '/;. inch to */3. inch in thickness, depend 
, hromium-tungsten alloy, which is most widely used for ing upon the size and design. Deposits are generally ap 
' valve seats, has no critical points or irregularities in the plied twice as thick in order to prevent surface irregulari 
cooling curve. This phenomena gives definite indica ties from interfering with the finished dimensions, which 
tions why cracking of the surfacing material is so preva would otherwise necessitate resurfacing and add to the 
lent when dealing with certain types of alloy steel un- expense of the product 
less extreme precautions are taken in the cooling pro rhe final finishing of the deposited metal is usually 
edure performed in several operations, depending upon the 
Fig. 17—Stages of Preparation of Globe Valve Disks and Seat Rings Fig. 18—Gate Valve Disks and Body Rings with Deposited Seat Surfaces 
Reading Left to Right—After Surface Depositing, Rough Machin Disks Are Shown in Deposited and Final Finished State While the Rings 
ing and Final Grind Are Rough Machined and Finished 
Fig. 19—Small, Intermediate and Large Globe Valve Disks and Seat Fig. 20—Checking Taper and Trueness of Deposited Seats on Gate Valve 
Rings with Deposited Alloy Seats Disks 
a 





1938 HIGH TEMPERATURE VALVES 35 





type of disk, body ring or valve body. Some are rough 
machined by means of tungsten carbide cutting tools, 
while others are rough ground prior to the finish grind. 
Figure 17 shows three sets of plug type disks with seat 
rings for a 2-inch high-pressure globe valve in their suc 

cessive steps of preparation, namely, after surface de 

positing, rough machining and final machining of base 
metal with final grind of deposited seating material. In 
Fig. 18 virtually the same procedure is shown on gate 
valve disks and body rings of a larger size. Figure 19 pic 
tures small, intermediate and large globe valve disks and 
seats in the finished state, showing slight variations in 
design. 


After the various disks and rings are completed they 
are carefully examined and accurately checked for sizes 
and trueness by means of special gaging devices, one of 
which is illustrated in Fig. 20. 

The parts are then assembled into valves and the 
contact bearing surfaces between the disks and rings are 
further checked by taking impressions with Prussian 
blue. If any slight irregularities exist they are removed 
by lapping to assure tightness on the hydrostatic and air 
pressure tests to which they are subjected before being 
stocked or sold to the consumer 


The application of deposited surfacing alloys of the 
cobalt-chromium-tungsten type to valve seats has vastly 
improved the reliability and operating life of valves in 
numerous installations where the service conditions are 
unusually severe, particularly in the modern high pres 
sure, high temperature steam power plants. 


The use of surfacing materials is constantly being ex 
tended, manifested by the fact that our company, aside 
from many others engaged in valve manufacture, pro 
duced in the last eight months of this vear a total of 
52,624 parts with surface alloy deposits. These consisted 
mainly of disks and seats which ranged in sizes” from 
'/, inch to 18 inches : 


As pressures and temperatures increase it is safe to 
predict that further development of surface hardening 
materials will aid the valve manufacturer in coping with 
the serious problems that will be imposed cn valve 
seats, 
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ACTIVITIES— 


A MESSAGE FROM THE 
PRESIDENT 


Detroit Convention was decidedly 
cess rhe registration was ove! 

Foreign countries, Hawaii, and 
ractically every state in the Union were 
presented The local Committee on 


Arrangements cannot be too highly 
raised, and the Society Program, Con 


vention, and Manufacturers’ Commit 
did splendid work The technical 
upers were excellent, and the welding 

xhibits fine rhe banquet was the opti 
um in such affairs Che meeting of Sec 


tion Chairmen was productive of good 
eeling and understanding. As a direct 
esult the objectionable retroactive fea 
ure of the by-laws governing refunds to 
ections was repealed at the first meeting 
of the new Board of Directors. President 
Lang wa regrettably absent because of 
illness, but Colonel Jenks ably officiated 
for him, and presented his report, which re 
vealed the fruition of some of his con 
tructive planning Altogether the Con 
vention augured well for the future of the 
pociety 
A future of increasing service 1s a 
ured if the Society keeps ever in mind it 
true destiny as the interpreter and voice of 
welding, which today 1s probably th 
greatest single factor in our complex in 
dustrial life The Constitution expresse 
the purposes of the Society in these simpk 
and concise words 
The objects of the Society ar 


1 


he science and art of 


1) To advance 
welding 

) To afford its members opportunl 
ties for the interchange of ideas with re 


the science and art of welding, 


pec t to 
and for the publication of tnformation 
thereon 

(c) To conduct research into the sci 
ence and art of welding, cooperating with 
other societies, associations and govern 

ental departments for the benefit of the 
ndustry in general 

(d) To acquire and dispose of property 
for the purposes aforesaid 

(e) To do all other things incidental or 


} 


conducive to the attainment of the above 


named objects, or of any of them 

It is well to frequently remind ourselve 
f these aims for, in the bustle and hustk 
busy, and often selfish, lives, they 


ire easily forgotten, or assigned to second 


or our 


iry place Chey provide the unity of 
purpose and effort which are needed for 
ontinuity from one administration to the 
next Presidents come and go, but the 
Society lives on 

Mr. Gibson and Mr. Lang, in spite oi 


troubled reigns, laid a foundation upon 


S 


Related Events 





1 
\ : of 
} 
MM 
a 
Pre " 
\ wi Vv, wi { ve 
=. i. 2 MA 
ANNUAL MEETING 
" MI 
Ar il Di 






















































Practically every state of the union was 
represented in the registration, including 
far off California and Washington and 
the most distant Section, Hawaii. Of 
course, the prize for distance must go to 
some of our foreign friends who took occa 
sion to be present, including representa 
tives of Australia and England. The 
meeting was formally launched on Mon 
day morning by an address of welcome by 
Mayor Reading of the City of Detroit 
The Mayor's address was followed by the 
presentation of medals and prizes by the 
Board of Awards 

The Samuel Wylie Miller Memorial 
Medal was awarded to Mr. J. W. Meadow 
croft, Assistant Works Manager of the 
Edward G. Budd Manufacturing Com 
pany, for his pioneering work in the 
fabrication by welding of automobile 
bodies 

The Lincoln Gold Medal for the year 
1938 was awarded to James C. Hodge and 
Cornelius R. Sadler for their paper on 
‘Weldability and Properties of Materials 
for Casing Strings.’ 

The Industry and Welding prize for 
the best thesis on Gas Welding was 
awarded to G. R. Maples, Jr 

In addition to the 
there were quite 


technical sessions 
a number of committee 
meetings and research conferences, also, 
1 round table discussion on qualification of 
processes and operators A successful 
meeting of the representatives of various 
Sections was held on Wednesday after 
noon 

rhe outstanding social feature was the 
Annual Banquet and Dance held by the 
Society on Thursday evening Phe Grand 
Ballroom of the Book Cadillac was filled 
to capacity and it was necessary to arrange 
for quite a few tables in the balcony 
\ good dinner was served. Outstanding 
features were the remarks of the Toast 
master Harvey Campbell, a talk by Mayor 
Reading and the keynote speech by W. J 
Cameron of the Ford Motor Company 
Mr. Cameron in his clear forceful fashion 
gave a true picture of the business situa 
tion and how it may be improved 

An inspection trip was arranged on 
Friday afternoon to the Ford Motor Com 
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pany. Quite a few of the members stayed 
over and participated in this interesting 
and instructive trip. Members saw first 
hand the important part welding plays in 
the manufacture of the modern automobile 

There was one note of regret through 
out the entire meeting, namely, the forced 
absence of President Lang due to illness. 
Resolutions of sympathy and congratula 
tions for successful work accomplished 
were passed at the Opening Session, the 
Executive Committee meeting, the Busi- 
ness session and the Board of Directors 
meeting 

[he annual Business Session was held 
late Friday morning, at which Colonel 
G. F. Jenks, Senior Vice-President of 
the Society, presided The Annual Re- 
port of the President was read and supple 
mented by reports of a number of the 
Committee Chairmen present. This report 
is reproduced elsewhere in this Journal 

Summarizing the report, the progress 
AMERICAN WELDING So 
CIETY during the past year might be told 
in the following headlines: Welding So 
ciety publishes a 1200-page Handbook; 
Membership of the Society increases by 
more than 39% to a total of 3538; Weld 
ing Society spends $30,000 on a national 


made by the 


coordinated program of research First 
District AMERICAN WELDING 
Society held in Los Angeles, California: 
forty-six 


meeting 


technical papers to be presented 
at Annual Meeting Welding 
Committee on Outline of Work coordinates 
society activities On the other hand, 


Sx c1ety 


these headlines would not tell the com 
plete story unless some subtitles were per 
mitted as follows: Change in By-Laws 
designed to make the Society a strong 
technical organization and to increase its 
efficiency and effectiveness; The AMERI- 
CAN WELDING SOCIETY issues 
Inspection Methods; Welding of Piping 
in Marine Construction Welding of Oil 
Storage Tanks: Society issues revised rules 
on Welding in Building Construction 
Welding of Gravity Tanks, Tank Risers 
and Towers, and Standard Qualification 
Procedure 


codes on 


The tellers Committee announced the 
election of the following Officers 


THE WELDING JOURNAL 










ee 
a 


Hj 


at 
WY, 





America Weld Society Ans 
President—H. C. Boardman, Chicag 
Bridge and Iron Co \ 
lst Vice-President—Col. G. | Pr 
Ord. Dept., U. S. Army As Le 
2nd Vice-President—Turner ( : the | 
General Petroleum Corp yw 


District Vice-Presidents ffi 
New York-New England— Wend 
Hess, Rensselaer Polytechnic | 


inl 
tute j MS 
Middle Eastern—W. W. Petry ' f I 
Cincinnati Milling Machine Co Deg 
Middle Western—K. L. Hansen he 
nischfeger Corporation Drai 
rreasurer—C, A. McCune, Magr ' in 
Corporation he b 
Directors-at-Large Fiel 
C. A. Adams, Consulting Eng and 
Edward G. Budd Mfg. Co 917 
Marvin Cook, Humble Oil & R E,’ 
Company : He |} 
F. T. Llewellyn, U. S. Steel Cory in 


tion of Delaware t 
C. E. Woodman, Kansas City | y, 
Company 
Che first meeting of the new 
Soard of Directors was held as a lur 
meeting on Friday afternoon rl 
closed the Nu 
Annual Meeting of the AMERICAN W 
ING SOCIETY 


casion formally 


Great credit is due for the unu 
cess of this meeting to a large nu 
people, including the 
committees of the 


numerou 
Detroit Sectio 
Convention Committee and the Na 
Program Committec he sessior 
ticularly, the social features wet 
and made more pleasant by the p 
of a large number of ladies \ 
program was provided for theit 
tainment for which credit is due ag 
the local committees of the Det 
tion 


POWER EXHIBIT 


Che Thirteenth National Exposi 
Power and Mechanical Engineer! 
be held at the Grand Central Pala 
York, during the week of Decemb 


LO, 1938 Over 260 manufactur 
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ety Annual Banquet 


OUR NEW PRESIDENT 


At one time the enthusiasm of our new 


President for welding was of such nature 
is to seriously jeopardize his well-being at 


hands of his associates. Fortunately, 


ywever, these same associates acquired 
ufficient enthusiasm to desist from these 
hreats of violence Harry Ciow Board 
an was born in Plainfield, Illinois in 
R87 He graduated from the University 


Illinois with the Bachelor of Science 
Degree in 1910 and entered the employ of 
the Chicago Bridge & 


Draftsman; he 


Iron Company as 
Chief Drafts 
Engineer In 1916 
become a Corporal in the First Illinois 
Field Artillery, 
and Captain 
917 he became 
332nd Field 
He became Instructor in the 
1918 and in October of 
eived the rank of Major 


v2 he 


later became 
nan and Designing 
Lieutenant 
During the latter 


later Second 
part of 
Battery 
Artillery, 86th Division 
Field Artillery 
that 


From 


Commander of 


year re 
1919 to 


was engaged in automobile tire 


H. C. Boardman 








and acct 


ssories business in Kansas City 
Mo. In 1922 he entered the employ of 
the International Filter Company where 
he held position as Designer and late 


Superintendent of Construction. In 
he become 


1424 
College of 
Illinois, and in 


from the 


Instructor in the 
Engineering, | 


1926 re« 


niversity of 
eived a C.F 
University 
to the 


Degree 
In the same year he r¢ 
Chicago Bridge 


is Research Engineer 


turned 
ind Iron ¢€ ompany 
a position which he 
dat Hi title 1 
Research, but he 


position to hi 


has occupied to real 


Director of modestly a 
signs thi chief, Mr 

Horton and feels that he i 
labeled 


Horton 


Georg: 


more properly 
under Mr 


mostly of a 


Engineer 
His work has been 
tructural or mathematical nature or 
particular 


Re search 


with 
reference to welding He I 


author of a number of technical article 
lines 
and hydraulics He is co 
Mathematical Tables for Use in 
Chords and 
membership in_ the 
rau Beta Phi Sigma Xi 
American Assn. for the Advances 
Science American Society of 
Civil Engineers; Western Society of Civi 
WELDING SOCIETY 
Ex-Chairman Chicago Section); American 
Metal A1.S.M.E. Boiler Cod 
Committee and American Petroleum In 
titute 


dealing with storage tanks, pipe 
mathemati 
author of 
Computing Ar Versines 
He holds 
socie tle 


Fellow 


ment of 


following 


Engineer AMERICAN 


society for 


Our President 1s well known to our met 


bers through his writings, his presentation 


ol paper and his service on many con 
miittes rhe Society 1s indeed fortunate 


ible 
the standing 


to be to enlist the interest of a man of 


and caliber of Mr. H. (¢ 


Boardman 


OUR SENIOR VICE-PRESIDENT 


Chief of Tec! 


Department, U. § 


Colonel Glenn F. Jenk 
nical Staff, Ordnarm 
Army, Washington, D. C., was 1 
Senior Vice-President of the AMERICAN 
WELDING SOCIETY Colonel Jenk 
as Acting throughout the An 
nual Meeting of the A.W.S. in Detroit du 
to the illness of President Lang. A 
of appreciation extended 


electec 


erved 
President 


vot 


was to Colonel 


SOCIETY AND RELATED ACTIVITIES 
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later 
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Wat 







Ordnance Officer Was at Watertown 


Arsenal as Director of Research for two 


years and then in command from 1932 
until 1937, when assigned as Chief of the 
lechnical Staff in the Office of the Chief 
of Ordnance, U. S. Army Promoted to 
he grade of Colonel, Ordnan Depart 
nent, November 1, 1933 
Member of the A. W. S., A. S. M. I 

to, 4. o Mw BS, TT, we aed 
SS A 2 Member of the Engineering 
Foundation Welding Research Committe 
ind Chairman of the Industrial Research 


Division of that Committe 
OUR SECOND VICE-PRESIDENT 


Purner C. Smith of General Petroleun 
Corporation, Los Angeles, Calif. is Struc 
tural Engineer in the general engineering 
staff of the General Petroleum Corporation, 
and is chairman of its engineering com 
mittee on oil storage tanks He ts also a 
member of its committes on unfired 
pressure vessels and valves for oil field, 
pipe line and refinery services 

He has been an active member of the 
AMERICAN WELDING Society for mort 
than a decade, and has served as chai 
man of the Los Angeles Section, and as 
vice-president of the Pacific Coast Divi 
sion He is also a member of the A. S. A., 
the Pacific Coast Building Official 
Conference and the Structural Engineers 
Association of Southern California 

Following his graduation from _ the 
University of Arizona he received a com 
mission in the United States Army, went 
to France with the Z2lst Engineers and 
had charge of a railway machine shop at 
Abainville in 1917-18 


OUR DISTRICT VICE-PRESIDENTS 


New York and New England—Wendell 
F. Hess 


Dr. Wendell F. Hess is Associate Pro 
fessor and Head of the Welding Labora 
tory, Department of Metallurgical En 
gineering, Rensselaer Polytechnic Insti 
, Troy, N. Y Dr. Hess ts a member 
of the AMERICAN WELDING Society, the 


tute 


Society for Promotion of Engineering 
Education, of Sigma Xi, of the American 
Institute of Electrical Engineers and of 
the American Association for the Advances 
of Science Dr. Hess is a graduate of 
R.P.1., from which he also received hi 
Doctor's Degree in 1928 He has been 
connected with R.P.I as. _ Instructor, 
Assistant Professor of Electrical Engi 
neering, and more recently as Assistant 
Professor of Metallurgy He is Chairman 
of the Northern New York Section Dr 
Hess is well-known to the members of the 
Society having published a number of 
articles in the Journal and having at 
tended eight consecutive Annual Meet 
ings of the Society 


Middle Eastern—W. W. Petry 


W. W. Petry of The Cincinnati Mil 
ling Machine Co., Cincinnati, Ohio wa 
born January 24, 1894, at Port Washing 
ton, Ohio. He is a product of the co 
operative engineering college of the Uni 
versity of Cincinnati 

He was maintenance engineer at the 
American Rolling Mill Company serving 
that company for 12 years during which 
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ime he had cl » do with developing 
welding 

In 19261 earch for a broader field in 
welding, he irted a welding consulting 
practice, which quickly developed to a 
large welding fabrication business, the 
United Welding Company His duties as 
consultant also expanded to cover the 
central and eastern states At present he 
is devoting his entire time to the de 
velopment of welded machine structures 


and plant maintenance at the Cincinnati 
Milling Machine Company 


Middle Western—K. L. Hansen 


x J Hansen, of Harnischfegetr 
Corporation, Milwaukee, Wisconsin was 


born in Norway He came to the United 
States in 1901 For 2 years he worked 


in various shops in Chicago, most of the 
time for the Western Electric Company, 
assembling fan motors and arc lamps 
In the fall of 1903 he entered the Univer 
sity of Illinois. From the summer of 
1905 until early in 1906 he worked for 
the Chicago Edison Company in various 
capacities In February 1906, he joined 
the Westinghouse Electric & Mfg. Co 
and worked for four years in several posi 
tions In the fall of 1919 he went to 
work for the Louis Allis Company (then 
the Mechanical Appliance Company) of 
Milwaukee In this Company he was de 
signing engineer for a.-c. and d.-c. motors 
and generators, later becoming Chief 
Engineer When he severed connections 
with this Company he entered upon con 
sulting and development work of his own 
Phe Hansen Arce Welder, first built and 
marketed by the Northwestern Manu 
facturing Company of Milwaukee, was 
invented and designed by him. In the 
early part of 1932 the Harnischfeger Cor 
poration of Milwaukee took over the 
Northwestern Mfg. Company and _ has 
since manufactured and marketed the 
Hansen Are Welder He has since that 
time been acting in a consulting capacity 
for that Corporation on problems per 
taining to welding and welding equipment 

He has written many papers and ar 
ticles on theory and design of electrical 


machinery and ‘ 


me on are welding 
generators He has served in the follow 
ing capacittk Chairman of Committee 
on Electric Welding of A.I.E.E., Chair 
man of the Milwaukee Section of A.I.E.E 
Chairman of the Milwaukee Section of 


the AMERICAN WELDING SOCIETS 


OUR TREASURER 


Charlie McCune is well known to all of 
us and to the welding industry He was 
one of the founders of the Society and in 
1922 was elected President He was 
ippointed Treasurer of the Society in 
1923 and reappointed each succeeding 
vear Phi year Charhe was_ elected 
lreasurer for a three-year term 

Mr. McCune was born in Jersey City, 
N. J. in 1879 He received his educa 
tion in general science at Cooper Union, 
New York, N. ¥ 

From position of Chief Draftsman of 
Safety Car Heating and Lighting Com 
pany, in 1904 he became Assistant Engi 
neer, and later Chief Engineer of Com- 
mercial Acetylene Company, retaining 
this position until 1916 when he became 
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Sales Engineer of the Page Steel and 
Company In 1924 he was apy 
Director of Research of the At 
Chain Company and, after holdir 


position for 1x years, he re sign 


to becore Director of Resear 
Welding Engineering and Resear: 
poration Following the dissolu 


this Corporation, he assumed hi 
position as Director and Secretar) 
Magnaflux Corporation in New Y 
From 1919 to 1937 he served as ( 
man of the Filler Meta! Specit 
Committee He is author of 
papers on acetylene and its u 
metallurgy of welding rods and w 
manufacture of iron and steel wi 
research methods in iron and 
duction He isa member of the A 
A.S.T.M A.S.M., past-presidet 
member International Acetylene As 
tion and a member of the Advisory Boa 
of the National Bureau of Standard 


OUR DIRECTORS-AT-LARGE 


C. A. Adams, Consulting Engineet 
Che Edward G. Budd Manufacturing ( 
Philadelphia, Pa 


Born in Cleveland, Ohio, in 18 
Educated in the Case School of Apy 
science B.S. 1890 E.E (Hon } 
D. Eng. (Hon.) 1925 Lab. Asst. ( 
School 1886-90, Engr. Brown Hoi 
and Conveying Machine Co. Sept.-D 
1890. Instructor Elec. Engr. Harvar 
University 1891-96, Asst. Prof RO 
1906, Prof. E. E. 1906—-1i, Lawrence P 
of Engrg., since 1911, Dean Harva 
Engrg. School 1919 when he resigned 
accept membership on National Cot 
of Defense served as Chairman Wel 
Committec 
tion, US.S.B appoimted Chai 
Division of Engineering, National 


, Emergency Fleet Cory 


search Council He returned to Har\ 
in 1921 as Prof. Engrg., Prof. | 
rom 1936 Consulting Engineer 
Budd Mfg. Company, Babcock-\ 
Company and other compan \ 
of many paper He was Found 
President and is an Honorary met 
the AMERICAN WELDING SOCIETY 

tor American Bureau of Welding 
organization to dissolution of | 
when he became Chairman, Engi 
Foundation Welding Research (¢ 
Lec Member, Welding Handbook 
torial Committee, served as Presider 
the A.L.E.E., member I.E.E Lot 
V.D.1 (Berlin), S.P.E.E A. S.! 
A.S.C.E. and A.S.T.M 


Marvin Cook, 
Humble Oil & Refining Company 
Houston, Texas 

Born at St. Joseph, Mo., Se] 
L899 Primary education—So 
Kansas Public schools; started oil 
work in 1916 after finishing High 5S 
U.S. Navy 25 months during World \V 
Combination rotary-cable tool 
from 1919-26 in Kansas, Okla 
Texas, New Mexico, Mexico, Wy 
ind Montana University of k 
1926-30, finished B.S. in Chemical | 
neering (Metallurgical Option). Pt 
tion Dept. of Humble Oil & Retfu 


Co. 1930-38 giving special atte 
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lems in welding, repair, maintenance 





naterial and equipment and to in 





igation of selection of materials and 
pment. Member Scottish Rite 
I. Pipe Committee; A.S.M. Chair- 
South Texas Section, AWS; and 
tered Professional Engineer of State 


| Lle wellyn, 

S. Steel Corporation of Delaware, 
ith Avenue 

ttsburgh, Pa 


Born in Cardiff, Wales in 1869. He 


" 


ght school and attended the University 
London from 1886 to 1889 and came to 
country late in 1890 

yn was in the structural steel department 
of the Gillett-Herzog Mfg. Co., Minne 


oli Four 


His first posi- 


years later he was ap 
pointed southern engineer of the same 
rm and was located at New Orleans in 
harge of construction. He supervised 
he first steel skeleton tier building in New 
Orleans and the first steel frame building 
In 1900 he had charge of 

the construction of the first steel frame 
uilding in Mexico City. While abroad, 
company was absorbed by the Ameri 
in Bridge Company In 1902 he became 
ontracting manager at St. Louis and 
later in New York From 1906 to 1917 
he was engineer in the New York office of 
the Carnegie Steel Company and devoted 


in Louisiana 


his attention to the development of new 
products In 1917 he was loaned to the 
Emergency Fleet Corporation and devoted 
his attention to the simplification of steel 
requirements for ships, and in allotting 
steel to shipyards. From 1919 he has 
been attached to the President’s office of 
the U.S. Steel Corporation and has con 
erned himself with the development of 
new products, especially in the structural 
field He was President of AWS from 
1928 to 1930, and for a number of years has 
served on the Executive Committee and 
Board of Directors He is a member of 
the Structural Steel Welding Committee, 
Welding R« 
search Committee and Welding Hand- 
book Editorial Committee. He is a mem 


Engineering Foundation 


ber of numerous organizations, among 
which are included A.W.S., A.S.C.E 
A.S.T.M., A.S.M., A.S.N.A. and M.E 


C. E. Woodman, 

Kansas City Bridge Company, 
215 Pershing Road, 

Kansas City, Mo 


Born in Miami County, Kansas. Com 
pleted education in the spring of 1917 
Voluntarily enlisted in the United States 
Army; experienced eighteen months of 
active service overseas in the World War; 
received Honorable Discharge in 1919 
Has had ten years experience in the Petro 
leum Industry in Laboratory, Refining and 
Compounding 


Lubricating, Engineer; ten years Dire 


Departments, also Sales 
tor of purchases and assisting with main 
tenance of equipment for the Kansas City 
Bridge Company Helped organize the 
Kansas City Section of the AWS in 1937 
ind was its first Chairman President of 
the Board of Education of Shawnee-Mis 
ion Rural High School, Johnson County, 
Kansas 
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SOCIETY 





cer 
OBITUARY 


r. F. Barton, fifth President of th 
AMERICAN WELDING SOCIETY and superin 
tendent motive power of the Che Sap ake & 
Ohio, with headquarters at Richmond 
Va., died on October 14th Mr. Barton 


born in London, England, on March 


was 

21, 1867, and began his railroad career in 

1887 with the Grand Trunk He r 

mained in the employ of that road for si 

years, serving successively as machini 

apprentice, locomotive fireman and jour 
' 


During the 10 years he served 
with the Illinois Central he held the posi 


neyinan 


: 
tions of machinist, gang foreman, round 
house foreman, general foreman, mastet 
mechanic and superintendent shop Priot 


to his connection with the Chesapeake & 


1 


Ohio he was in the employ of the Dela 
ware, Lackawanna & Ws 


tern for a perio 


of 15 year erving in the capacity of n 
ter mechanic at Kingsland, N. J., when 
he accepted the position of ma 


chanic of the C. & O. He was appointed 


he Western 
General division at Huntington, W. Va 


on February 1, 1924, which position h 


general master mechanic of t 


held until May 1930, when he wa pro 
moted to uperints nas nt motive power! if 


Richmond 


pany, died in Boston on September 


after an illne of several I 
Che Company is now represented in 
Sustaining Membership y Mr. Walte 


E. Hollingshead 
SEE 


1939 CONVENTION AMERICAN 
FOUNDRYMEN'’S ASSOCIATION 


Cincinnati Na Dec elected i tn 


place of the 1939 annual convention of 


American Foundrymet Association, wit! 
the 1 eting openiny,s Monday, May |! l 
and continuing through Thursday, May 
18th 


The 1939 convention will be held witl 


out an exhibit and patterned after 

successful technical meeting held in 
Chicago at the Edge water Beach Hotel 
in 1927, and at the Royal York Hotel it 
Toronto im 1935 Che ntire prograt 
will be devoted to technical, management 
and general interest st 1oO1 hop opera 
tion courses, round table discussions and 


committee meetings, plant visitation and 
social functions that add to the enjoyment 


of annual Foundrymet Week 


VETERAN FIRM ISSUES 
REVISED STEEL HANDBOOK 


The Philadelphia tin of Horace 1] 
Pot Cr inv, Warehouse Distributor 
of Steel and Suppli ecently 1 ed the 
2ist Edition of tl S Handbook 
Considerable space 1 \ 1 to welding 
act ori pecially ] l-a vp 
electrode ipidly g adopted by 
industry This publication contai " 
wealth of hi il data lating » Te 





AND RELATED ACTIVITIES 





and types of steels a tl ises to whi 


they may be apy 


WATERTIGHT STEEL HOUSE 
“SAILS’’ ACROSS RIVER TO 
PERMANENT HOME SITE 


Launched at Peoria, Illinois, 1 ntly 
ind towed acro the Il ol River on it 
wn bottom ¥ dence ever 
) ul l { 1O1 

\ ! x i { watertight welded 
eel house ( lly pped 
witli I ystem 
laundry, pl \ | illy fh 
ushed——w y a 

i ‘ | \ nt 
IR G | " 
ro \ 
ve placed ‘ I 
Le Tournea il | 


Fig l The Ar Welded Steel House After 


Launching by Crane Into the Illinois River 

















Fig. 3. Twelve-Gage Sheets Arc Welded to 
Stampings Form the Panels 


omplete, convenient and attractive homes 
that could be rented or sold at moderate 
ost Che design embodies the latest, 
most modern trends in architecture 

utilizing every foot of space and providing 
attractive rooms of generous size In 
iddition, these all-steel panel buildings 
have proved ideal as offices, filling station 


ind garagt 


SPECIAL COURSE IN WELDING 
ENGINEERING FOR MEN IN 
INDUSTRY 


Che establishment of the new Welding 
Laboratory in Rensselaer Polytechnic In 
stitute offers an unusual opportunity for 
pursuing studies in the field of welding 
With a view to making these facilities 
ivailable, an intensive course has been 
planned for engineers who are qualified to 
take advantage of them 


General Information 


The intensive course will be of four 
weeks duration, with the option of an ad 
ditional two weeks of experimental work of 
special interest to the individual student 
Time will be devoted to metallurgy theory, 
theory of welding and structural design 
Laboratory experience will include heat 
treatment, microscopic examination, weld 
ing, cutting and physical, magnetographic 
and radiographic testing. There will be 
regular library assignments, discussion 
groups and visits to nearby plants rhe 
optional two weeks will be available for 
more laboratory experience in particular 
branches such as the weldability of a cer 
tain type of steel, spot welding, or any 
other phase which may have a special 
appeal. 

Eligibility 

The course is open to graduates who 
have completed courses leading to degrees 
in engineering or allied sciences in recog 
nized universities or schools of engineering. 
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It is also available to men whose responsi 
bilities in industry have given them an ex 
perience equivalent to an engineering 
courst Each applicant must submit a 
record of his training and experience with 
references from men who are familiar with 
his work 

Admission to the course in welding en 
gineering is subject to the final approval 
of the Committee on Graduate Study of 
the Rensselaer Polytechnic Institute 


Schedule of Courses 


lhe schedule for the basic course of four 
weeks duration will be as follows 


First Week Second Wee 
aN Metallurgy Theory Welding Theory 
B Welding Theory Welding Labor 

tructural Design Structural Desi; 
LD) Library assignments alternating with dis 


Content of Courses 


Vetallure, Theory The properties ol 
metals; the effect of alloy additions; the 
meaning and use of alloy diagrams; the 


changes in properties and structure, grain 
coarsening and grain refinement resulting 
from the heating and cooling of metals 
precipitation hardening 
Weldwr Theory Arc 
welding, resistance welding, thermit weld 


welding, gas 


ing, atomic hydrogen welding, flame and 
are cutting, a review of the processes and 
equipment used. Progress in the develop 
ment of welding Factors affecting the 
weldability of metals: the nature of the 
metal, the nature of the process, the naturt 
of the structuré Special techniques for 
particular conditions: procedure control, 
peening, preheating, concurrent heating, 
stress relieving. Principal spheres of 
usefulness of various welding processes 
Factors involved in the cost of welding 
Allied process« surfacing, brazing, spray 
coating, flame hardening and softening 
Welding as a tool of manufacture and con 
struction. Application of welding to 
Comparative advan 
Mass pro 
Electrical 


control, design and power requirements 


machine design 
tages ol alternative methods 
duction Automatic welding 
Strength of welds for design purposes 
rhe evaluation of welds: testing methods 
tensile, bend, fatigue, impact, radiographic, 
micrographic, magnetographic, miscellane 
ous. Inspection of welding, qualification 
of welders. Codes and _ specifications 
Standardization. Symbols 

Structural Design Design and de- 
tailed drawings of typical members and 
connections in steel buildings, roof trusses 
and bridge trusses. Comparison with 
riveted structures 

Metallurgy Change of 
properties and structure resulting fromm 


Laboratory 


heating and cooling metals; the examina- 
tion of fractures, microscopic examination 
of metal structures and the structure of 
welds; radiographic examination 

Welding Laboratory.—Experience in the 
operation of arc, gas, various resistance 
welding and flame cutting equipment, 
both manual and automatic. Manual 
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experience will be just sufficient to bi 
acquainted with the feel of the proc: 
those who have not had this experi 
The effect of different variables w 
studied with the automatic equip: 
Sample welds will be saved for the 1 
he cathod 
oscillograph will be used to show 


cal testing laboratory 


tion of resistance welding controls 
Weld Testing.—Tensile tests 
welds, gas welds, flash welds, spot 
bend tests; hardness tests. Are wi 
welded and stress relieved, made with 
and covered electrodes will be 
Magnetographic inspection of weld 
prepare d de fe ts will be carried ou 


rhird Week Fourth Ws 
Welding Theory Welding Theor 
Welding Laboratory Welding La 
Metallurgy Labora Weld Te 
tory 
1on group 


Particular Information 


Date The course will begin W 
day, November 2, 1938 
Expense The tuition for the 


will be one hundred dollars for t] 
four weeks, and an additional tw 
dollars for the optional two week 

Limitation of Enrollment lr} 
ive nature of the course and the clo 
sonal attention given to each student 
it necessary to limit the number 
who will be accepted 

Application for Admusston API 
tions for this course should be receiv 
later than October 1, 1938 All 
munications with regard to the 
should be addressed to Professor W 
F. Hess, Department of Metallurgi 
gineering, Rensselaer Polytechni 
tute, Troy, New York 


TRANSIT MEETING 

New York, September 25th 
first time in its history, the Amer 
Transit Association and it ub 
will convene beyond the bord 
United States, when on Oct nd 
roronto, Canada, it opens its five da 
cussion of transit affairs at the Royal \ 
Hotel. The subsidiaries of the An 
Transit Association joining in tl] 
ing are the American Transit Associ 
Bus Division, the American Tran 
sociation Interurban Division, the A 
can Transit Engineering Associatio! 
American Transit Purchases and 
Association, the American Transit VU] 
ing Association, the American Ira 
Claims Association, and the Amer 
Transit Accountants’ Association 
convention will be the associations 
annual meeting, and will be attend 
more than 1000 delegates 

Representing better than 200 
leading companies operating street 
and buses, trolley coaches, subway 
vated and interurban lines as well a 
manufacturers of public transport 
equipment in the United States 
Canada, the delegates will devote on 
to play and four days to intensive stud 


NOVEMB! 
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it problems as they pertain to transit 
ition and to the 12 billion passengers 





d annually by these companies 
stions of modernization of equip 
labor, public relations, finance, 
tenance, engineering and related sub- 
will be dealt with first by prepared 
ses from recognized experts and 
yy general discussion upon the con 


floor 


GERMAN CONVENTION 


September 15th—18th the joint meet 


of the German Acetylene Society 
led by Dr. Rimarski and the Society 
Gas Welding headed by Dr. Kessner 
held in Braunschweig. The following 


rs were prest nted 


Non Destructive Testing of Welded 


Hardened Parts, by Dr. Berthold 
Mechanical Tests for Gas Welded 
by Dr. Diimpelmann 


Gas Welding Boller Plate by 
Dr. Weidle 
{ Economizing on Materials in Hand 
Work by Gas Welding, by Mr. Colbus 
Research Work of the Welding In 
tute of the Braunschweig Technical 
College: Gas Welding and Hardening of 
Gray and Malleable Cast Iron; Oxygen 
Cutting of Metals, by Professor Kritzler 
f Welding Non-Ferrous Metals with 
Oxygen-Butan Torch, by Mr 
Thiirnau 


WILLIAM H. GIBB 


Electric Welding 
Company of Lynn, Massachusetts has 
announced that Mr. William H. Gibb of 
the Thomson-Gibb Company has estab 
lished offices at 101 North 33rd Street, 
Philadelphia from which he will serve the 
Philadelphia territory which includes 
Pennsylvania, southern New 
Jersey, Delaware, Maryland and Virginia 

Mr. Gibb has had a great many years of 
experience in the field of resistance weld 
ing, having founded and served as presi 
dent of the Gibb Welding Machines Com 
pany of Bay City, Michigan, until it was 
merged with the Thomson Company in 
1929 to form the Thomson-Gibb Electric 
Welding Company 


The Thomson-Gibb 


eastern 


STAINLESS STEEL BULLETIN 


Arcos Corporation, Philadelphia, Pa 
has issued its illustrated Technical Bulle 
tin No. 3. The bulletin contains new and 
previously unpublished information on the 
physical and metallurgical characteristics 
of stainless and special alloy welding 

Bulletin No. 3 also includes a complete 
Alloy Welding Manual for the engineer and 
the operator 


13TH INTERNATIONAL 
ACETYLENE CONGRESS TO BE 
HELD IN MUNICH 


rhe 13th International Congress of 
Carbide, Acetylene, Oxyacetylene Weld 
ing and Allied Industries will be held in 


Munich, Germany, from June 25 to July 1, 





1938 





1939. The three 


were held in Zurich in 


preceding Congresses 
1930, in Rome in 
1934 and in London in 1936 
rhe purpose of the Congress is to pro 
mote and discuss all questions of scientifi 
technical and economic nature which are 
related to the preparation and uses of cal 
cium carbide, of acetylene and of the oxy 
acetylene process. Because of its impor 


tance for metal fabrication, the field of 


oxyacetylene welding will receive special 
emphasi rhe other related hnical 
fields will also be given full attention, 1 
ticularly the use of acetylene as the start 
ing point in making chemical product 
Lectures and reports by in lationally 
known experts are planned for the Con 
gress Sessions will be devoted to tl 


following subject 
Manufacture of Caletum Carbide 
2 Acetvlene as the Starting Point for 
Organic Compounds 
Acetylene Illumination Acetylem 
Lighting, Marine Illumination Light 
Signals, et 
+ Gast Especially Acetylene and 
Oxygen 
5. Apparatus and Machines for Oxy 
Acetylene Welding 
6. Metallurgy of Welding, Cutting and 
Flame-Treating 
7 The 


Oxyacetylene 


Fechnique and App 
Welding and Cutting 
8 The Technique and Application of 
Flame-Treating 

9. Mechanical Testing Procedurs 

Ga Non-Destructive Testing Proce 
dures 

10. Set-ups for Welding and Cutting 

11. Operator Training 

12. Safe Practices and Protection for 
Welding Operators 

13. Motion Pictures 

14. Exhibits 


An international technical exposition, 
to be held simultaneously with the Con 
gress, is intended to show the 
status of each of these fields A series of 
films have been prepared for the same 


pre serTit 


purpose 

Official inquiries should be directed to 
the office of the Congress in Berlin-Fried 
Berlin, Ger 
many Lectures and reports should be 
sent to the Office of the Congress, fron 


enau, Bennigsenstraffe 25, 


which they will be forwarded to the proper 
places. Lectures and reports should be 


in the Office of the Congress 


by February 1 


1939, at the latest 

It is anticipated that the lectures and 
entertainment will be held in the assembly 
rooms and lecture hall of the German 
Museum in Munich rt 
sition will also be held in the German 
Museun 


WELDING TORCH BULLETIN 


The Victor Equipment Company of 844 
Folsom Street, San Francisco, Calif., ha 
just issued a very attractive catalog di 
scribing their line of torches and accesso 
ries. It also contains some very useful in 
formation on selection of size of tip, main 


tenance and flame adjustment 


SOCIETY AND RELATED ACTIVITIES 





WELDING MAKES THE GRADE 


Phe Riddell Corporatior I 
Ohio, which manufactures road machinery 
reports that the use of welding con 
truction of road graders n v1 ilts 
more rigid 4 j rt ; nete 


approximately 15] and he 
amount ol i l il 
the equi 
, 
WELDING HOLDS 

During the recen urricam i long 
yrverhead, welded steam line at the M 

1ac Division of the Montsanto Cl 

al Co. was blown down and | uj 
pretty badly This had been supported 
ibout 20 feet above the ground and " 
tained a 20-foot expansion section Not 
withstanding the rough treatment, not 
scam let go and it 1s carrying steam a 
usual even thoug!l t is lying on 
ground in ama tf wreckage 





In. Welded Steam Line After the Hurricane 


Not a doint Let Go 


It is Still Carrying Stear 


as Usua 


BRIDGE FOR COAL AND COKE 


HANDLING 
Indicative of the trend in material 
handling systems is an order for a dern 
coal bridge received by Dravo ( pora 
tion, Pittsburg] Pa fro. Kokancoa! 


Company, Inc., of Brooklyn, N. Y. This 
will be the largest shuttle boom and man 
trolley type bridge ever built for coal and 
coke handling, and it will be used on the 
Newtown Creek for unloading these com 
modities from steamers and barges into 
bins for subsequent dumping into trucks, 
or onto a storage pile, or from the storage 
pile into bins as may be required 

A major part of the shop fabrication 
work will be welded 

rhe employment of a man trolley on thi 
type of equipment is a new feature in 
bridge crane construction The trolley 
rail will be 65 feet above ground level, 
and the bridge will have a span between 
supporting legs of 180 feet The boom 
will cantilever 65 feet over the land-side 
leg and 90 feet beyond the water-side leg 
A Hayward two-line, power wheel bucket, 
apable of handling 2 tons of coal with 
each grab, will be used, and it will reach 
»ver the water as much as 65 feet 

rhe bridge will travel on a curved run 
way along the dock for a distance of over 
600 feet. To permit this travel, it will be 
necessary to provide special trucks ca 
pable of being driven either simultaneously 
or in independent manner rhe length 
of bucket travel from barge to bin may be 
as much as 335 feet, and the rate of bucket 
travel, combining the movements of both 
shuttle boom and the man trolley, will 
attain a speed of 1200 feet per minut 
It is 
bridge will have an unloading capacity of 
about 200 tons an hour when dumping 


stimated from these facts that the 


on the storage pile, with each round trip 
of the bucket consuming three-fourths of 
i minute; the longer trip to the bins will 
require about one minute 

rhe trolley will be equipped with a scale 
for weighing the coal as it is hoisted tn the 
bucket, and this weighing will be automat! 
ally performed and recorded 

It is expected that the bridge 1n question 
will be completed sometime in January 


1939. 


NEW WIND TUNNEL 


Progressive tmnprovement in welding 
methods and materials, and the important 
position which welding has achieved in the 
industrial picture during recent years, 
are once again spotlighted by the compl 
tion of the first welded steel high pressure 
wind tunnel of its type to be built in the 
United States. The tunnel will permit the 
testing of scale airplane models under 
simulated conditions such as would be en 
countered in the substratosphere, and also 
at flying speeds as high as 400 miles per 
hour. Since no existing tunnels available 
for commercial testing are able to create 
such conditions, and the need was realized, 
the Massachusetts Institute of Technology 
Corporation authorized the staff of the 
Guggenheim Aeronautical Laboratory, 
headed by J. C. Hansacker, to proceed 
with the erection of such a tunnel. Work 
was done under the supervision of Dr. 
H. Peters, Asst. Prof. of Aeronautical En- 
gineering. Contract for the structural de 
sign, fabrication and erection of the unit 
was awarded the Pittsburgh-Des Moines 
Steel Co., Pittsburgh, Pa., and work was 
begun in October 1937. Jackson & More- 


44 


General Plan of Wind Tunnel 


land, Boston, Ma were the supervising 
engineers 

The new tunnel is of electric-arc-welded 
teel plate construction, plates varying 
from ; inch to 1 inch in thickness, and 
consists of conical and cylindrical tubes 
arranged to form a rectangle measuring 
44x 89 ft., and to make a closed circuit 19¢ 


ft. 2 inches in length along the center line 
Inside diameter varies up to 19 ft. 4 inch 
maximum Che steel plates were formed 
it the Neville Island, Pa., plant of the 
contractor, and the edges prepared for the 
butt-welded joints either by planing or by 
machine flame cutting Welded units 
were built-up for shipping, and final as 
semblies made at the site to form the com 
plete tunnel Che tunnel was built in a 
cordance with the Code of the American 


Society of Mechanical Engineer’s Unfired 


Pressure Vessels Section of the Boiler 
Cod: It is estimated that more than 
three miles of welding rod were used in 
assembly 

Upon completion, the structure was 
subjected to an hydrostatic test to a gage 


pressure of 54 pounds per square. inch 





Wind Tunnel Under Construction 
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without the development of a leak in 
of the welded seams or joints, nor 
there any indication of weld failur 
weakness. This test also served part 
to stress relieve the tunnel, since the 
pressure was 25% in excess of th 
tended working pressure his ¢ 
pressure, by prestressing the metal at 
points where shrinkage or secon 


; 


stresses are close to the elastic limit of 


metal, serves to insure adequate fa 
endurance for the life of the tunnel 
Che tunnel, which has been name 
Wright Brothers Wind Tunnel, wa 
illy inaugurated on September 12 
eremonies attended by Orville \W 
ind other prominent aeronautical 
neer rhe unit represents a progr 
addition to aviation’s experimental fa 
ties, and, in keeping with the con 
Increasing 1Z¢ ind speed of modert 


raft, is designed to permit the simul 





Elliptical Girders to Which Were Welded 

Stream Direction Vanes Presented a Com; 

cated Engineering Problem. Here Is Si 

a Completed Vane Section on the Floor 

Fabrication Shop of the Pittsburg! 
Moines Steel Co 


of flying conditions in the substrat 


and to provide effective air streat 


beyond the capacity of 
tunnels now available for commercial 
ing. Wind velocities up to 400 mil 
hour, and pressures ranging fron 


} 


atmospheres absolute can be creat 


tests. Models having wing spread 


t 


8 feet can be accommodated 


Air is forced around the tunnel 


ft. 11/4 inch diameter propeller driv 
a 2000 horsepower A.C. motor having 
speeds from 450 to 1200 r.p.m Ch 
stream is turned around the cornet 
means of welded crescent shaped vet 
designed that the air flow direct 
changed efficiently and tn such a man 
that a uniform cross seciion of air v 
is maintained 

rhe test section inside the tunnel 
wooden construction and is in the 
of an ellipse 7 ft. 6 inches high, 10 ft 
and 15 ft. long. All test data isr 
from this section by means of el 
operated recording instruments 

The Wright Brothers Wind Tunnel! 
be put to use immediately testing var 
aircraft models under different pr 
and wind velocity conditions, and will 
be used during the college year for t! 
struction of undergraduate aeronat 
engineers. 
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ANNUAL REPORT 
ACTIVITIES OF THE AMERICAN 
WELDING SOCIETY 





Year Ending October 15, 1938 
TR., PRESIDENT 


By P. G. LAN 


the AMERICAN 


iring past year the 

DING SOCIETY has continued to func 
1s an agency for the coordination of 
jing activities in the United States, 
assembly, codification and distribution 
knowledge relating to this and asso 


ed subject The tangible results and 


ncees of its progress are enumerated in 
yrious pertinent sections of this re 

[he interests of standardization 
uniform practice have been advanced 


cooperation of other technical organi 


ha be t 


unnect 


with a view to the 


n invited 


sary labor and over 


the end that, in al 
hie ld . & 


ted in the 


of activities, to 
of contact with other 


Manner 





cal lat » vield it! actory ré 
Vith 1 I ice O ] pociety trom 
mative riod, much thought has 

1 given to d more precisely the 
along w i future activities are 

e d In a rdance with a 
icy ¢ iciated a year ago, revision ol 
by-laws w i view to facilitating it 
| i i il organization 

‘ ndertake1 suggested rt 
ions, formulated after ireful study, 
\ ipprovt he Board of Director 
rafted by I Lo itt ind again 
nted to the Directors, and submitted 

» the met rship rr approval \ 
ially 1adop ed, May LYos he al nd 
nts are of a " é igned to make 
Society a p hnical organiza 

ym, and to i icy and us¢ 
\ iT1oO co il ( av b l il) 
ed to study the organization, pa 
activiti and general character of th 


Society, the nature and value of its a 


omplishment ind to recommend a defi 
govern its future 


ent. Among these i 


m Outline of 


di ve lop 
w Committee 


d at the be 


the ne 


Work, appointe 


ginning of 1938, to coordinate the Society's 
chnical activiti stimulate progress and 
introduce the maximum standardization 


ind uniformity in the codes and technical 
In the 


Since it 


reports 


brief period of about nine 
nonths organization the accom 


plishments of this Committee, working 
inder the Chairmanship of 
President, Mr. H.C 


substantial, and include the formulation o 


our incoming 


Boardman, have been 


a code of rules for the operation of techni 
cal committees 

During the past administrative year the 
Board of Dire« 


tors held two meetings and 
Committee 
onsidered and acted upon by 


Executive five meetings 
ihe matters 


1ese bodies included the revision of by 
to provide for 
eduction in the number of Directors, to 
ake the Board a workable body 


‘ election of a Treasurer for a term of three 


laws, already mentioned, 


more 


\ years 


tightening of membership require 
ents; reduction in return to sections on 
nembership dues without undue hardship 


1938 





ilar] t} ] 
arly nose newly 


on the St 


tions, parti 
organized 


rhe 


award of medals and priz« 


name of the body controlling th 


was changed to 
Board of Awards,”’ as it was believed that 


the de 


i misnomer 


signation ‘‘Board of Trustet wa 
rhe functions of the Board 


were enlarged to « 


Medal, Industry 


over the 


and Welding cash pri 


ind any other awards coming under t 
jurisdiction of the Society, in addition 


the 
I he 


Samuel W yl 


Board of 


Miller Met 


Awards formulated new 








rules to cover these awards, which, aft 
acceptance by the donors, were approved 
by the Director and are now in efi 
The 1937 Miller Memorial Medal, tl! 
38 Lincoln Gold Medal with a 
panying certi ite ind the Ind ry 
Welding Cash Prize will be pr " 
the opening 101 | Annual M 
ing 1 accorda witl I oO 
regulatior 
W he Wa ) i y i 
eration of extend activ had 
prod 1 suffices \ » ( 
Society mark u d ed 
um of i Ast h il activi 
» rec the amo ( derw g 
qui ] T ond i i ) 
I led a 1V1 I i 
pol nt ) i ( \ 
DI 1 repo tf i 
1 I ing 0 nda 
) Co it we ) red a 
I \ 4 ittec 1 | \ 
‘s W wa it 1 »y I 
\ ) Ont ) \ 
fund. The matter was tho yd 
0 il i 
! } 
| ) M Ying Di | I i 
) endati ( 
Va i | ized »p i 1 WwW i 
1 iv “ 
) " " \ | 
W 1 l i 
Boar 1) 
Me i i ) i 
re< \ 0} illo V 
iO ed by tl itio 
lefin dule of regional co 
whicl 1 e of w 
irea iy liscu ed i 1 D | i 
hanged Che first istrict Meeting 
he So y, held u wit! 
Western Metals Cong and Exposi l 
) i Los A l California, durin g 
Marc! yf preset! yea Six We 
Coa Sectio varticipated I mo 
gS W de l il on 
he if rnoot i 1 &V i I inspect 
tou t 11n i \ » tl 
position Due largely ) i wunsti 1 
efforts of tl Le Angel Section, 
gathering was a great é ind a sour 
of encouragement in conn on wi ur 
rangements for other meetings of a ilar 
character It wa y own privilege at 
pleasurt » attend this gathering il 
en route, to visit several sections, and 
investigate welding activiti ind 
Society’s sphere of influence in the regior 
between the Mississippi River and th 
Pacific Coast. In addition to Los Angele 
my itinerary included visits to San Fran 
isco, Salt Lake City, Denver, Lawret1 
and Kansas City At the University 


Kansa I 
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The 
throughout the country is represented by 
which, with few 


spread of the Society’s work 
about forty local sections, 
exceptions, are in reasonably satisfactory 
hitteen 


While 


sections are still unable to 


During the past year 
formed 


condition 


new ctions have been 


these 
meet the new requirement of the by-laws 


some ol 


have twenty-five qualified A, 
that 
will be made within the next 


that they 
B and C members, the indications are 
special efforts 
few this complement 


months to a quire 


In addition to meetings, inspection tours 


and social gatherings, the activities of the 
local sections include lecture courses and 
the arrangment of Welding Conference 


During the past year the Headquarters 
organization, with the cooperation of the 


local 
the Operation of Sections, which embodies 


sections, has compiled a Guide for 


the procedure recommended for the con 


duct of affairs of existing sections and 
those in process of formation. This Guide 
also contains Standard By-Laws for Se« 


tions, prepared by the By-Laws Commit 
tee, and approved by the Executive Com 
mittec 

That membership in 
WELDING SOCIETY 
denced by admissions sought and obtained 
remote as South Africa 
Under the efficient leadership of Mr. A. F 
Davis our Membership Committee has 


the AMERICAN 
is world-wide is evi 


in regions as 


by a gain of 
39.2 per cent during the past year. On 
October 1, 1937 membership totaled 
2541; on the same date in 1938 the figure 
was 3538. 


been successful, as shown 


our 


Divided according to the various classes 
of membership the gains are as follows 








Graphic chart showing growth of mem 
bership is included in this report 
usual 
the formal official financial statement will 


In accordance with our custom, 


be presented to the Board of Directors by 


our Treasurer, Mr. C. A. McCune, and 
will be printed in the Society’s Year 
300k. Any one desiring detailed informa 
tion in the meantime can obtain it from 


the Financial Committee or the Board of 


Directors 


The Society’s finances, as they stood at 
the end of September 1938, are briefly 
summarized as follows: 

Assets $8012.64 
LIABILITIES $2988.25 
Net WortTH $5024.39 


As a res 


activitic 


ult of our growing numbers and 
s, it seems probable that increased 
office force and facilities will be necessary 
in the not distant future, and, in this con 
thank friends of the 
National Electrical Manufacturers Associa- 


nection, We our 


tion for a timely gift of office equipment, 


released incident to changes in its Pitts 
burgh Offices, and forwarded to our New 
York establishment 

rhe authoritative status now univer 


sally accorded to the Society is the fruit of 
work the period of nearly 


twenty years since its original formation 


its during 
The splendid results which we can record 
have been made possible only by the de 
voted and effective work of its member 
ship, to whom, on behalf of the Society 
and myself, I wish to express unbounded 
gratitude. I take the liberty of reiterating 
my conviction that effective work by iso- 
lated individuals is possible only in rare 
cases, and the best results are obtainable 


















































Sustaining Members 12 only through collaboration of effort and 
Members 22 judgment. This observation applies with 
Associate Members 336 particular force to an organization con- 
Operating Members 182 cerning itself with such a subject as weld- 
Student Members 45 ing, where the united efforts of persons 
whose technical education and experience 
Total 997 differ widely are essential to success. We 
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must further remember that even px 
technical attainment 
in promulgating 


sults of their work 


of the highest 
quire assistance 

In transferring the office to my su 
I have the sincere and well-grounds 
that the loyal and helpful attitude 
own admini 
that, 


has characterized my 
continued, and buildin; 


past 


will be 


the foundation of accomplish 
and the cooperation of his associat« 
3oardman will conduct the Society 


heights of achievement 


Summary of Committee Activitie 


, 
Commuitee on Building Code 


rhe Building ( 
have now been adopted by more thar 


provisions of our 


, including th 


New \ 


hundred municipalitie 
metropolitan centers of 
Chicago and Baltimore 
During the early part of 1938 this ( 
mittee issued a revision of Code 1, P 
as the edition of 1937. It has coop 
with the Board of Standards and Ay 
of New York City in formulating rn 
fusion welding under the new City 
ing Code, and has also acted on in 
from and 
Society regarding building code ma 
The Committe 
changes in the clause relating to qua 
A.W ] 


l 


various cities section 


is endeavoring to : 


tion procedure to conform to the 

Standard Qualification Procedur: 
It is now considering the possibilit S 

presenting during the coming year, { 

first time, illustrative 

connections which have been found vy be 

factory in building construction beco! 


details of w 


Commuttee on Welding Bridges W 


The Specification for the Design, ( 
struction, Alteration and Repair of Hix appt 
way and Railway Bridges by Fusion \ nat 
ing, released in the Spring of 193t d 
continued to find an expanding fi wil 
application. It has been approved by Appr 
American Railway Engineering Asso 


tion, and is to be published as an app ‘ 
in the 1938 Edition of the American A r 
ciation of State Highway Officials Bric; nw 
Specifications to C 
As our Bridge Specification is appli Mi 
actual practice the lessons of experi Piy 
are carefully recorded for use as a ba | 


revision along the lines of conformity vas 
A perma ] ¢ 
charged wit! 


field and shop requirements 
committee has been 
duty of considering revisions, and 
periodically successive editions ol t! 
specification, which will embody prog itu 
sive modifications and improvement dur 
a result of slightly more than two y« 

practical experience, the first of t! ” 
amended editions, that of 1938, is nov , 
approximately complete form, and 

appearance may be anticipated in thi 

future. 


Commuttee on Inspection Method Used 1 aa 
Manufacture of U-69 and U-70 Pre 
Vessels 


This Committee has completed 
assignment, and the results of its work a 
represented in a report, which was acc¢ ’ Foals 
by the Board of Directors at its m . 
February 24, 1938. smi 


NOVEMB! 











ee on Large Welded Pipe for Hy 
Purpose 





reported upon as “Section 


the publication of my predecessor’s 
Report, in which the work of this 
ee as it then stood was reviewed, 


itive draft of code prepared by it 

the subject of a large volume of P 

Qualification Procedure 1 
h 


criticism and suggestion, on the 
during the Annual Meeting 


which an amended version, now in 
of development, is being prepared é‘ 
ill who may desire to subi 


1 
l 


Are and Gas Welding.”’ This 
Qualification Procedure has been approved 


pamphlet form by the Society 


A round-table discussion of the 


‘ 
t¢ 


with a view to obtaining expre 


hase of this work instances the co 
1 or ugye twtr Sugg tion 
ive attitude displayed by th 6 ; 
; : lines of simplifying the presen 
AN WELDING SOCIETY in its rela en 
} . A , ouraged A fie ( omn 
vith other bodies, since The Ameri . 
, : further consider the po lity 
Water Works Association is formulat : ' 
fying the present rules, and to 


ynewhat similar code with parti ree 
, sion of these or similar rules t 
rence to the lower pressure range, , - 
of welding than those now 
representatives have contacted 

, : Standard Procedure 
rs of that organization, with a 


) 


Standard Qualification Procedure’ was 


Manual 


Standard 


by the Board of Directors, and printed in 


Detroit, 


sions trom 


criticisms 


] 
along 


rules will 





» insuring the maximum harmony tenericsn Weldine Secii Snatemees 
n the mayor requirements of the — ] l enendi ‘ C ul 
S has noineers Boiler Code Comp 
— — During the past year tl mutt 
has continued its cooperation with tl 
s A. S.M. E. Boiler Code Committee in tl 
Committee on Outline of Work re« consideration of problems referred to 
is the discharge of this main com Within this period its work has been pe 
consequently its current report liarly light, since but two problems hav: 
of the re ports of its two subcom reached it from the A. S. M. I Lo t 
namely tee, namely 
rh AMERICAN WELDING PROBLEM LIII-——Relating to th ) 
y Committee on Symbols is also a non-ferrous materials for welded pr ire 
Joint Committee of the American Stand vessels 
Association on the same _ top PROBLEM LI\ Relating ) red 
inor changes have been suggested tion of ductility with in " yf 
AMERICAN WELDING SOCIETY report in welded joints 
his subject, and, if these are adopted Study of Problem LIII , d to é 
h organizations, these symbols will extended use of welded construc nm Ww 
the American Standards non-ferrous materials, and in connection 
Definitions and Chart—A master chart with Problem LIV the Boiler Code Con 
welding processes and definitions of mittes 1i0w assembling experimental 
appearing on the chart have been data 
approved and published. Report covering 
irt and revision of definitions, published Comn € ov ’ U1 
129, 1s In proce of development, and Storage lank 
will be submitted to the Committee, for rh a f this ¢ ies 
wal, at the Annual Meeting 5,ws 7 ee 
Welding of Oil Storage Tat was I 
mmultee on Pre ire Pipin ' : : . ps anton t , 
luring J n preprin rt ind wa 
This Committee has held one meeting published in tl August n rH 
which occasion consideration was given WELDING ] RNA The ¢ wW 
Chapter 3 of the American Society of ippointed at the Society 
\ hanical Engineers Code for Pressure the autumn of 193 ul 
ng, relating to the Welding of Pips result of work which pro 
Joint A large portion of this chapter uisly from the early 1 34 
reviewed, and some changes intro It is the belief of the (¢ " 
1. Other parts of the chapter wer« adherence to thes« ind 
ed to subcommittee for further study durable tank constructio1 he dev 
is anticipated that another meeting ment of 1 repo oO A work 
Committee will be held in the near n clo | i M ai Ce 
ire, and that its work will be completed the American P Instit t 
ring the present autumn prepared purcha I 
} 2 h i “ 1 r 
nmittee on Standard Qualification Pr namely those of the above-ground tyyj 
edure which are 0 large to ) 
uring the past year this Committec ee : e* os . 
revised the AMERICAN WELDING After ded dist a “ 
— t10n ti rul mbodied ] po | 
IETY’S ‘‘Tentative Rules for the Quali ; We 
ition of Welding Processes and Testing > “84 seis Avg 4 minima 
Welding Operators,”’ giving these rules suitable for use as the welding ane 
) 
title of “Standard Qualification Pro ve . ; > io 4 iota , 
lure.”’ While there are many methods ss 
welding, some of which may not require . 
' tandard qualification procedure, it was Committee on Rule vy COON 
by the Committee that the manual Gravity Tanks, Tank Riser nd Tower 
and gas welding processes demanded rhe first edition of these rules, issued by 
ediate attention Therefore, the the National Board of Fire Underwriters 
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American Society for Testing Materials 
It is anticipated that a report of this Com 
mittee will be in readiness for submission 
at the Annual Meeting of the Society, at 
Detroit 


American Welding Society 
Representation in Other 
Technical Bodies 


Any report on the technical activities of 
the AMERICAN WELDING Society would 
be incomplete without reference to its very 
extensive representation in other technical 
bodies, which assures the mutual ad 
vantages of intimate collaboration, ex 
tending the influence and prestige of our 
own organization, and obtaining for our 
selves the benefits to be derived from 
worldwide research and experience The 
status of such representation as it exists 
at this time is as follows 


American Society for Metals—Recom 
mended Practice Committee 
Our representative has assisted in the 
development of the new A. S. M. Hand 
book This work has involved proof 
reading, editorial comments on various 
articles and the preparation of matter on 


the Welding of Stainless Chrome Iron 


Standard A ssociation—Sec 
Defini 


American 
tional Commuttee on Electrical 
ton 
Our representative reports that these 

definitions are now in the final stages of 

completion, and that the work will be 
finished in the near future 


American Standards Association Sectiona 
Committee on Electric Weldin 1 ppa 
ratu 
There is nothing new to report for the 

current year. Steps have been taken to 

ward the establishment of Proposed In 
ternational Standards, but progress along 
these lines must await the result of a meet 
ing of the International Electromechanical 
Commission, held at Torquay, England, in 


June. 


American Standards Association Sectional 
Committee B-5 on Electric Welding Die 
and Electrode Holders 
No meeting of the Committee was held 

during the year 


American Standards Association Sectionai 
Committee A-57 on Building Code Re 
quirements for Iron and Steel 
Our representative has recommended 

that this Committee adopt the Building 

Code Welding requirements as promul 

gated by the AMERICAN WELDING Si 

CIETY 


American Standards Assoctation Sectional 
Commiuttee Z-5 on Ventilation Code 
This Committee has not been active 
during the past year 


American Standards Association Sectiona 
Committee Z-2 on Code for Protection 
Heads, Eyes and Res pir ttory Orean f 
Industrial Workers 
Che Sectional Committee has completed 

a revision of this code, with the extended 

scope noted in the A. S. A. Year Book for 

1938. Following approval by the sponsor, 
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the National Bureau of Standards, it has 
been submitted to the A. S. A. for approval 
as an American Standard, and it is ex 
pected that action will be taken as soon as 
a few matters of detail have been clari 


fied 


American Standards Association Sectional 


Committee Z-28 on Work in Compressed 

Atr 

The code-drafting committee of the 
sectional committee is approaching the 
completion of its task 
some additional data which are. to be 
furnished by the United States Navy 
Department 


It is now awaiting 


The draft will be placed in 
the hands of the sectional committee as 
soon as possible after this material has 
been made available to the drafting com 
mittee 


American Society for Testing Materials 
Subcommittee B-5 on Copper Alloys 
Committee B-5 has held the following 

meetings during the year 

Rochester, N. Y March 9th 
Atlantic City, N. J.—June 30th 


{ssociation of American Railroad Com 
mittee on Fuston Welded Tank Car Tank 
No meeting of this Committee was held 

during the year, but our representative 

reports that the construction of a limited 
number of tank cars has been authorized, 
and these are undergoing service tests 


Nattonal Research ( incl 


Che Division held no meeting, its activi 
ties being conducted by correspondence 
[The only matter claiming its attention 
which even indirectly related to welding 
was the taking of initial steps for the 
formation of a clearing house to facilitate 
the interchange of information on various 
projects in process of investigation by 
laboratories throughout the country 
Nattonal Board of Botler ind Pressure 

Vessel In pec lor 


The Executive Committee of the Na 
tional Board of Boiler and Pressure Vessel 
Inspectors has held nine meetings during 
the past year, which were usually con 
current with meetings of the American 
Society of Mechanical Engineers Boiler 
Code Committee In cooperation with 
the latter Committee the National Board 
takes a very active interest in the ad 
ministrative questions connected with 
boiler and pressure vessel legislation in the 
various states. The National Board de- 
votes a great deal of attention to uni 
formity of application of the safe prac 
tices recommended by the Boiler Code 
Committee, and up to date, has succeeded 
in extending its activities to twenty 
three of the States of the Nation 
Vanufacturers’' Committee 

During the past year the Manufacturers 
Committee negotiated with the American 
Society for Metals in connection with the 
financial arrangements for the Society's 
participation in the 1938 Western Metals 
Congress and Exposition, and in the 1938 
National Metals Exposition and Congress 
The Committee considered the feasibility 
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of holding definite regional conference S 
with exhibits to take the place of the prec g 
ent Welding Conferences and exhibit 


Howey 
recommendation has been offered a 
The Committee also recommended th 
our Society become active in having weld 


at the various Universities. 


ing recognized in the engineering cour 
universities. This matter was referr: 
the Committee on Outline of Work 
study 


Committee on Outline of Work 


rhe Committee on Outline of Work wa 
appointed about the first of the year wi 
the broad purpose of coordinating 
technical activities of the Society and fo; n 
stimulating progress in such activiti 

The Committee has held several mex 2 
ings and has disposed of a number of I 
matters by correspondence 

The Committee formulated a 


Rules relating to policy matters governing nt 
Technical Committee activities and th A 
relation of technical committees to thy 
Committee on Outline of Work ] 


Rules are being presented to the Board 
Directors for consideration and adopti 

Some of the recommendations made by tra 
the Committee on Outline of Work ar UI 
adopted by the Board are: 

l The appointment of a Pr 
Piping Committee identical in pet 
with the Committee on Pressure Piy 
Welding Fabrication of the An 
Standards Association 


) 


2 Appointment of a small com: 
to look into the need for standardiza = 
of training and qualification of W 
Inspectors 
3. Appointment of a small cor 
to suggest ways and means for the pr 
tion of Welding education in engin 
schools 

4. Appointment of a joint com: 
with American Water Works Asso 


for the welding of elevated storag: 


It has also looked into the personn 
made recommendations in regard tl 
Committee 
Building Codes and _ representatior 
A. P. I. Subcommittee on Field Welding 
Casings 


in connection with the 


It has attempted correlation and I 


ordination between the Definitions ( 
mittee, Standard Qualification Proced 
Building Code Committee, Oil Stor 
Tank Committee, Symbols Committe: 
Hydraulic Pipe 

All in all, the Committee believe : 
there is a definite need for some ! — 
coordinating committee as the Committ 
on Outline of Work and that such a . 


mittee can perform a useful and imps 
function 


Welding Research Committee 


Che work of the Welding Research ( 
mittee is becoming an established, 
ognized institution. Its pronouncet 
and findings carry weight all over 
world. Leading articles and researc! : 


ports published here and abroad 


bibliographic references to reports or 
views issued by the Welding Res« I 
Committee 
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far the work has been concerned 
ly with critical digests of the litera 
iking available translations of im 
articles to research workers and 
iterested, and the conduct of rela 

y mall, but important, pieces of 
mental research in our leading uni 
ties This year, however, has wit 
d the financing of one of the major 
of the Industrial Research Divi 
ameiy, the 


Joint Some $25,000 in cash is 


Fatigue Strength o 


ed for this investigation, and sub 
ps have been appointed to plan the de 
of this progran No doubt this 
wunt will grow as industry realizes the 
rtunities Ol cooperative investigation 
this field, and makes use of the facili 
provided at the University of Illinois 
testing large-size specimens. A fellow 
ip was created at Rensselaer Polytechni 
ute in resistance welding, and grants 
uid have been given to sé veral selected 


iversite lor 


support of specific ré 
urche 
During the year ending September 1938, 
Committee will have published a total 
{52 printed pages as Research Supple 
to THE WELDING JOURNAI Phirty 


inslations have been made available 
published, 24 relate to the 


OHIO STATE OFFERS NEW 
WELDING COURSE 


Columbus, O., Sept A new curr 
n Oo sta Ive ity col ve ) 
) | 7 
‘ ( i acg ( 1W Tlf 
I 1 for the autt 
g () ber 4t] 
\ gatio ry i < iitte of de 
inmet n consultation witl 
‘ ati eveal 
. ; } +? 

i \ for men with pe 
: O ed in the new w 
ult 

In view of the phenomenal strides of 

welding in all types of heavy goods indu 
nd in the transporation field there 

| ect hat th branch of prof 
mal engineering will be stable for many 


years to come,”’ according to Dean Charl 
MacQuigg 


Further evidence of off-campus enthusi 
yroposal has come 1n the agret 


ent of a prominent Ohio State alumnu 


») sponsor the project in its formative 
period. Joining with him are prominent 
inufacturers interested in the fields of 


lectric, gas and other types of welding 


- 
ihis sponsorship, Dean MacQuigg point 

issure close contact with latest 
ndustrial developments, while at the sam« 


ime the sponsors leave the curriculum and 


biect matter entirely to the college of 


Admini on of the curriculum will 
under the department of industrial 
g1 g wi h for a number of vea 
| 1 1 the shop courses in welding 
] d by various curricula in the engi 
lg lleg Entrance requirement 


ie other curricula of 
ollege of engineering and admission 


will be in the hands of the Entrance: 


Board at Ohio State, to which inquiri 








Fundamental Research Division, 10 rep 
resent critical digests of the literature, 4 
Industrial Research reports and 4 report 
directly under the auspices of the Main 
Committee The Committee has main 
tained direct contacts with the universi 
ties and industrial laboratories throughout 
the country, and during the year a repre 


entative from the central offices ha 


visited 40 universities, and 4 industrial 


and governmental laboratories hes 


visits will continue as time and money 


permit 

There are many inter-related accor 
plishm«e which are bearing fruit Fo 
example in exchange arrangement w 


available the results of a $30,000 prograr 
of the British Institute to our own researc! 
worker 
There have been 1! rou gathe ng 
of committee and subcommittee hr 
ing together the welding research worker 
of this country New committees hav 
een organized under tl Industrial R 
arch Division Joint meetings hav 
been held with the Am« in Society fo 
I ing Material ind he AMERICA 
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PURDUE UNIVERSITY ORGANIZES 
SCHOOL OF CHEMICAL AND 
METALLURGICAL ENGINEERING 





School of Chemical Engineering and an 
engineer of extensive industrial experience 
[The new School will provide curricula 
leading to the degree of Bachelor of Sci 
ence in Chemical Engineering, Bachelor of 


Science in Metallurgical Engineering, 
Master of Science and Doctor of Philoso 


phy 


WELDING DEMONSTRATION TO 
BE GIVEN BY HAWAIIAN SECTION 
FOR SUGAR TECHNOLOGISTS 


rhe Hawaiian Section of the AMERICAN 
WELDING Society will give a welding 
demonstration and an exhibit of welding 
applications of interest to those connected 
with the sugar industry in the Territory of 
Hawaii, during the annual meeting of the 
Sugar Technologists in Honolulu begin 
ning November 14, 1938 rhe program is 
scheduled to last approximately 2'/, hours 
and will be held at the shops of The Islands 
Welding & Supply Co., Ltd 

Welding is playing an increasingly im 
portant part in the production of Hawaii's 
$76,000,000 annual sugar crop Mill 
buildings, cane grabs, rakes, cars, irriga 


tion pipe lines, steam lines, stainless steel 


tanks and an infinite variety of all-welded 
items are used to help produce the Terri 
tory’s Chief staple product 

It is the aim of the Hawaiian Section of 
the AMERICAN WELDING SOCIETY to pre 
sent a program of timely interest to the 
Plantation engineers, mill 
superintendents and agricultural experts 
who will attend the Sugar Technologist’s 
Annual 
multi-flame pipe 


Managers, 


meeting Demonstrations of 
welding, under-water 
cutting, hard-surfacing and machine flame 
utting are planned along with exhibits of 
used hard-surfaced farm implement parts, 
welded cane machinery, all-welded trus 
ses, steps in the welded fabrication of 
stainless steel and a complete line of 
welding and cutting equipment will be on 
display 

Stelliting 


rhe motion picture “‘Haynes 


the Plowshare,’’ will be shown This 
film gives step-by-step details for prepat 
ing the plowshare and shows proper appli 
cation of the hard-facing alloy he con 
vincing presentation of the many econo 
mies and advantages of hard-facing is 
certain to be of interest to the Sugar 


I echnologists 
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BIRMINGHAM 

At a meeting of the Executive Com 
mittee of the Birmingham Section held on 
the afternoon of October 14th, Mr. Julian 
Adams was appointed to fill the vacancy 
caused by the death of Mr. L. E. Cobb, as 
Vice-Chairman of the Section, Mr. E. W 
Braun was appointed Chairman of the 
Membership Committee Mr. Braun will 
appoint the members of his Committee at 
a later date. The Committee agreed that 
Mr. F. E. McAtee, Chairman of the 
Program Committee, has made excellent 
progress with the programs of the Section 

Meeting of the Section was held in the 
evening of the same day in the Auditorium 
of the Alabama Power Building Chere 
was a total attendance of 55. The at- 
tendance at this meeting was small be 
cause of several other meetings being 
held on the same night Mr. E. C. Chap 
man, Metallurgist of the Combustion 
Engineering Company, spoke on ‘‘Welding 
the Alloy Steels.” 

Mr. J. E. Durstine of The Lincoln 
Electric Company, very ably discussed for 
the benefit of the meeting, assisted by Mr 
W. J. Sanneman, Mr. R. W. Sandelin’s 
article ‘‘The Simple Steel Analysis and Its 
Relation to Quality in Steel,’’ which ap 
peared in THE WELDING JouRNAL for 
September. 

Meetings tentatively scheduled for the 
next couple of months are: 

November—L. C Bibber, Welding 
Engineer, Carnegie-Illinois Steel Co 
Subject: Welded Joints—Which Ones to 
Use and When and Why. 

November—Elmer Isgren, Supt., R. G 
LeTourneau Inc 
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December—A. E 
Wellman Engineering Company. 
January—F. C. Fantz, Vice-President, 
Midwest Pipe & Fittings Co 
CHICAGO 


With more than 170 present the Chicago 


Gibson, President, 


opened its 1938-39 meetings with a talk 
by Elmer Isgren, superintendent, R. G 
LeTourneau In Peoria, Illinois, manu 


facturers 


f earth moving equipment 
The management of The Link-Belt Com 
pany, 300 W. Pershing Road, provided an 
excellent meeting room and a get-together 
dinner before the meeting 

Mr. Isgren described and _ illustrated 
with lantern slides many of the novel 
ipplications of welding for which his com 
It is not 
unusual for a piece of equipment to be 


pany has long been noted 


fabricated and be put in use even before 
the design has been developed in the draft 
ing room A knowledge of welding, ex 
tending through many years, makes it 
possible for Mr. Isgren and his department 
to carry out these unusual developments, 


many of which are ready for operation 
almost overnight 


CINCINNATI 


Chis Section is cooperating with all the 
local sections of all the other national 
engineering societies through association 
with the Technical and Scientific Societies 
Council of Cincinnati The University of 
Cincinnati Evening College, in cooperation 
with the Cincinnati Section is offering two 
ten-week lecture-demonstration courses 
this year on welding. These are not shop 
They are designed for engineers 
and production executives, for the super 


courses, 
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visory personnel in design and 

nance, for welding foremen, draft 

designers A 
The October meeting held on 

was addressed by J. D. Gordon of 

Winfield Corporation, on th 

‘Design and Building of Fabri 

chine Structures,’’ which was a 

by movies 


COLORADO 


rhe first Fall Meeting of the (¢ 
Section was held on Septe 
At this meeting there was an at 
of approximately 60. The speak 
evening was Lieut. Commander ( 
Johnson of the U. S. Navy. Hi 
was the welding and inspection 
on welded ships in the Brookly1 
Yard 

At the October meeting, held 
12th, Mr. R. McBrain, testing eng 
the Denver, Rio Grande & Wes 
way, talked on the subject of d 
defects in welds by the use of Magt 
His talk was illustrated 

On November 9th, Mr. F. C. H 


Manager of The Linde Air Produ MON’ 
pany of Kansas City, Mo., will tal 
subject of Flame Hardening a1 , 
Cutting ad P 
At the January meeting it i ry 
have Mr. J. F. Lincoln of al 
Company a 
At a meeting of the Executive ( “Tae a 
mittee, Mr. R. P. LeBaron wa : * 
Vice-Chairman of the Denver § etin 
GEORGIA ‘ 
At a meeting on October 3rd, 1 f rhis p 
ing officers were elected for the i f tl 
the 1938-39 season Supply 
Chairman—George Bird, |] Follow 
Company Ussio} 
Vice-Chairman—D. B. Hut erien 
Secretary-Treasurer—Arthur variou 
Calvert Iron Work Phe 
papel 
HAWAII prepat 
The following are the newly - wise 5 
officers of the Hawaiian Sect na, : 
Chairman—E,. E. Heacock Pi we 
Vice-Chairman—Robert Plau Mi 


Secretary-Treasurer—J. D. Mar 


Executive Committee 2 \ - % 
P. Orso, W. E. Smith, A. N. Mulli Peck 

The regular monthly meeting ween 
on August 25th at the Oahu Cou! al 
House The Chairman spoke "" 
about the welding demonstra Pas ' 
scribed elsewhere in this issue [ Socn 
Erickson was appointed as Chai wane 
the Publicity Committee to act on 
junction with the Executive Co on 
to advertise the merits of welding itseal 


pecially among engineers, architect 
prospective building owners. he 
Mr. B. P. Carpenter represent - 
Section at the Annual Meeting 
Society in Detroit. 
The next regular meeting of the S I 


will be held at Waikiki Lau Yee (¢ 





i wa 
An instructive sound film approved by ! pres 
Underwriters was shown. The film | "eee 
sented an interesting insight to the w ¥ 
facilities of the Underwriters’ Lal cy 
tories. 
1938 


NOVEMBER 












OS ANGELES 


ovember 
ld on the 17th Dr 


T 
al 


meeting of the Section 
Donald $ 
California Institute of Tech 
His subject 
*hysical Proper 





ll be the speaker 
Grain Size and 
ld Deposits 
ristmas Party will be held on 
15th 
nuary meeting will be on the 9th 
ts covered will be “‘Repair of 
ings by Welding” and ‘‘Under 
Velding and Cutting Speakers 
unnounced later 
been decided that another educa 
e will be presented this coming 
the Los Angeles Section, on the 
of pressure vessels and pressure 
Mr. Turner C. Smith is Chairman 
Committee Further details will 


later a oon as the date has been 


pon 
Harold Etter of the Air Reduction 
; Company ha been appointed 


in of the Membership Committee 
actively at work 


ise the membership of the Section 


MONTANA 


Montana Section has established a 
inent address as follows: Box 178 
Peck, Montana 

Montana Section has just com 

a very successful summer season 

Much of the success of the monthly meet 

ngs can be attributed to the outstanding 
which were presented before the 


} 


\t the June meeting an illustrated 


on ‘“‘Hard Facing’ was presented 
This paper was prepared by the members 
f the staff of the Great Northern Tool and 
Supply Company of Billings, Montana 
llowing the paper there was a lively dis 
ion in which the members related ex 
periences and difficulties encountered in 
various hard facing applications 
Che July meeting was held July 6th. A 
paper entitled, ‘‘Welded Steel Structures” 
epared by the Lincoln Electric Company 
was presented Che text of the paper was 
pplemented by motion pictures and 
which served to illustrate the various 
discussed in the paper 
Mr. Charles |] 


Treasurer of the Section 


Garmon, Secretary 
resigned his 
fice inasmuch as he was leaving Fort 
Peck. Mr. T. B 


rganizers of the Section, was elected to 


Jefferson, one of the 


1 


plete Mr. Garmon’s unexpired term 

\ paper prepared by Mr. A. E. Gibson, 
Past-President of the AMERICAN WELDING 
SOCIETY was read by Mr. William Gallo 


way before the August meeting of the 


Montana Section rhis paper with its 

ny slides illustrated the manner in 

h welding is used by industry in the 

rication of heavy structural and me 

nical equipment items, such as, clam 

ll buckets, coke oven doors, gas pro 

r shells, watch case vulcanizers and 

ny other items of similar nature 
Following the reading of the paper there 

vas a lengthy discussion of the features 
, presented and many of the slides were re 


wn 
\ paper prepared and presented by Mr 
C. W. Capper formed the nucleus of the 
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September meeting of the Section his 
paper was entitled Phe Testing of 
Welding Operators and Welding Ele« 
trodes.” Mr. Capper in his capacity of 
supervisor of tests at the I S. Engineer 
Shops, was able to show why so many 


welders failed to meet the requirements of 


the welding test of the U. S. Engineer De 


partment He also pointed out how the 
method of application would have a ma 
terial effect upon the physical character 
istics of the deposited metal iking 
of all-weld pecim«e f welding ele 
trode 

[wo] ip ide up the progta of the 
Octob eting of the Montana Sectio 
rhe f of the papers entitled, “‘Weld 
ing Rod Coating was D nted by Mr 
| B ] {fe on while ne econd pape 
Progre Pipeline Welding’? was read 
by Mr. A. F. Chan MMi Jeffersor 
and Chan are issociated wi he | 5 


Engineer Department at Fort 


tana, in the capacity of Engi 





of Shops and Foreman of the Welding 
Shop, respectively 

Both papers brought out many interest 
ing fact Che mystery that is alway 
connected with welding rod coatings pro 
voked a spirited discussion following the 
presentation of the paper on that subject 


rhe ne neeting of the Montana Sec 
tion will be held November 2nd in the 
Administration Building Auditorium, Fort 


Peck, Montana 


NEW YORK 


rhe first technical meeting of the New 
York Section was held on Tuesday, Sep 
tember 27, 1938, and was a joint meeting 
with the Metropolitan Section of the 
American Society Mechanical Enginee: 

The meeting featured the welding of 
high-pressure piping in large power sta 
tions in the New York area, and specifi 
cally, the Welding Exp: 
Waterside Station of the Consolidated 
Edison Company of New York”’ as di 
cussed by Mr. W. J Assistant 
Mechanical Plant Engineer, and ‘‘Weld 
Gener 


riences at the 


Angus 


ing High-Pressure Piping in Ess¢ 
ating Station’”’ by H. Weisberg, Assistant 
Mechanical Engineer, Public Service Cor 
poration of New Jersey 

The meeting was attended by some 301 
members and guests and a very lively and 
enlightening discussion ensued 

The New York Section has completed 


plans for its third evening lecture cour 
[The program this year will use as a te 
the new welding handbook of e AMERI 
CA WELDI SOCIETY umplifying the 
remarks of the various scheduled speak 
which will be presented in an original and 
instructive mann 
v v include the following 

The | vill he f 

subject 
, >) ] | 
Novemb 22nd— |] ) 


Welding Proces 

November 29th— Metallurgy, 
of Carbon and Low Alloy Steels 
Welding of Nickel am 
Its Alloys and Welding of Nickel Steel 
Aluminun Alloy 
Copper and Copper Alloy 


December 6th 
December 20th 


January 17th—Qualification Inspe 


tion 


SOCIETY AND RELATED ACTIVITIES 


January 24th—T-* , , 
Physical Properti iW 

la lary W 
Shit 

| uary tt 
Bridge 

Feb 1 iry ~ | ; 
\ 

I y ‘ I 

e \ | 

Ma 41 

Macs 4 ( 


NORTHERN NEW YORK 


Che following aré 


L. Browne 

J]. My i 

vf 
gx .iay es I i r 
1 ‘ 

Spittier * i 

Ver , it , 
\ nairmal \ I A i 


Veetir raper ( Icey 
Chairman, A. (¢ Steve A | , 
il d VM B I il 

Public Relations—L, D. Meeker, Cha 
man, L: R. Leveen and J. E. W 
NORTHWEST 

The first meeting of the rrent sea 
was he ld on September . t ind wa T 
dressed by Jam« | ] P len 

he Lincoln Electri (Company, who 
spoke on the ub t t Wel ing 
Prejudice Both Her ind Abroad 


of both member and especially invited 
guests, among the latter being many of the 
principal executives of the ir trial plant 
of Minneapolis and St. Paul Mr. Li 
oln covered the subject in a 1 t inter 
esting way, which held tl! individed 
attention of all th e prt 

Che Program Committee have prepared 
i most interesting schedule of 1 tings for 
} ; ea , fil . 

Le at th (; i 

I ig Appl ] i 

i Air Red ( New 
York Flame H é 


or New } ) | | r 
A] Inu ind | \ 
1A4¢ Mr 

Le i4 | 

T +} ' 

} M ». Clark I ( 
General Manage The r M 

' ' 
Welds ( | \ VV ) Lat 
Developm Resi 

Fel ( : | 
eC Phe Ay i | ny 


Steel and Other Welding Characteristi 
Apr. 19th—-Everett Chapman, Presi 
dent, Lukenweld, Inc., Coatesville, Pa 
Welded Steel Construction.’’ 
May 17th—E. F. Smith, District Man 
iger, Haynes Stellite Company, Chicago 
Hard Surfacing.’ 


OKLAHOMA CITY 


The 1938-39 season of the Oklahoma 
City Section started with the meeting held 
Puesday, October 4th, and as one of the 
boys expressed it, ‘‘the season started with 
a bang.’ 

The meeting was called at 6:45 at which 
time about 40 members and friends en 
joyed the sociability that prevailed around 
the dinner table During the dinner 
entertainment was furnished by Mr. Leon 
Paris who rendered popular selections on 
the accordian and entertained otherwis 
by humorous monologues 

Che more serious portion of the progran 
was opened by the showing of motion pi 
tures furnished through the courtesy of the 
Bastian-Blessing Company Phese film 
were very interesting and showed in very 
effective manner the wide application of 
gas cutting and gas welding 

The speaker of the evening was E. J 
Brady, Manager of the Stainless and 
Alloy Division of the Hollup Corporation, 
whose subject was, ‘“The Arc Welding of 
Stainless Steel 

rhe interest in the subject was evi 
denced by the type and number of que 
tions asked the speaker it the close of hi 
talk 

The attendance including those who 
came for the meeting only, was the largest 
in number of any meeting held since the 
section was organized and it certainly wa 
a representative group. It included stu 
dents and their teachers, operator welders 
and their foremen, job shop owners, stat 


inspectors, engineers and metallurgists 


OMAHA 


The October meeting of the Omaha 
Section was held on the 13th Mr. Stan 
ley Reiff of the General Construction 
Company discussed his paper on all 
welded bridges for secondary roads, which 
paper won a $200 prize in the recent 
Lincoln Foundation Contest 


PEORIA 


On September 7th the Peoria Section 
held their first formal meeting, having as 
its guest speaker, Mr. Harry Boardman, 
Research Engineer of the Chicago Bridge 
and Iron Works, who spoke on the welded 
construction of storage tanks. This meet 
ing was thrown open to all individuals in 
terested in welding 
approximately 50 

After the talk was given by Mr. Board 
man, the members of the Section remained 
for a closed meeting during which elections 
of officers was held 


Che attendance was 


The following are the officers elected for 
the coming year: 

Chairman—E. FE. Isgren, R. G. Le 
rourneau, Inc. 

Vice-Chairman—H. D. Wiese, Superior 
Welding Co 
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Secretary— Walter J. Brooking, R. G 
LeTourneau, Inc 

rreasurer—G. A. Sively, Micro Prod 
ucts Co 

Executive Committee (2 years)-—John 
| Reist, Keystone Steel & Wir Co 
Arthur G. Filker, Reliance Welding Co 
Robert Rutledge, A. Lucas & Sons 

(1 year)—George R. Roberts, National 
Cylinder Gas Co.; Guy B. Arthur, The 
Cha E. Beadaux Co. of Ill; W. I 
Miskoe, The Lincoln Electric Company 


PHILADELPHIA 


rhe regular monthly meeting of th 
Philadelphia Section was held on October 
24th. Mr. O. C. Frederick of the General 
Klectric Company, spoke on the subject 
Developments in Resistance Welding 
Che following are the meetings sched 
uled up to May 1939 All are to be held in 


the Engineers’ Club, Philadelphia 


November 21, 1988—S8 P.M., ‘‘Stainles 
Steel Welding and Design 

January 16, 1989—S8 P.M., ‘‘New Ap 
plications of Gas Welding 

February 20, 19839—S P.M Residual 
Stresses.’ 

March 20, 1989-——S P.M., “Structural 
Design and Welding 

April 17, 19389—S8 P.M., “Steel Casting 
ind Plate Fabrication.” (Joint Meeting 
with American Foundrymen’s Assn 

May 1939-——Annual Inspection Trip 


PITTSBURGH 


Che opening meeting of the Pittsburgh 
Section was held October 26th, at which 
time Mr. F. H. Frankland, Chief Engi 
neer, American Institute of Steel Con 
truction, spoke on Welding in the 
Structural Field.’ 

The second meeting scheduled for the 
Fall Season will be held Wednesday night, 
November 16th, at which time Col. G. | 
Jenks, Chief of Ordnance Department, 
U.S. Army, will speak on “The General 
Subject of the Application of Welding to 
Ordnance 

All meetings this year will be held in the 
beautiful Mellon Institute of Industrial 
Research, 4400 Fifth Avenue, Oakland, 
the Pittsburgh Civic Center Che officer 
of the Pittsburgh Section feel extremely 
well pleased that they have been able to 
secure such a splendid meeting place and 
feel it will add considerably to the prestig« 
of the Section. Only meetings of highly 
scientific and technical importance are 
permitted to be held in this auditorium 


ROCHESTER 


rhe first meeting of the 1938-39 season 
was held on Thursday, October 6th, in the 
Todd Union, River Campus, University of 
Rochester Mr. H. R. Bullock, a recent 
instructor at Massachusetts Institute of 
Technology, and now a Welding Engineer, 
gave a very good talk on the ‘‘Weldability 
of Low Alloy Steels.” 

The Rochester Section is conducting an 
Educational Course at the University of 
Rochester Prof W. J. Conley has 
charge and the course meets every other 
week 
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rhe November meeting will b 
November 3rd in the Todd Unio; 
versity of Rochester and the spea 
be Dr. G. V. Slottman of the Air R 
Sales Company, whose subje 
Flame Hardening.’ 

The December meeting will 
cember Ist and the speaker will bi 


I Gilletts of the Works | 


General Electric Company H 
is ‘Resistance Welding.’ 
ST. LOUIS 

rhe October Meeting of the S 
Section held on the 14th had My; 
Fantz, Vice-President, Midwest | 


Supply Co., as the speaker Hi 
was “The How and Why of R: 


Bodies and Their R« lations to the M 
Industry 


SAN FRANCISCO 


he first regular monthly 
season was held in the Auditor 
Alameda High School, on Sept 
There were 97 members and 
ent Mz Leo Edelson, repri 
the Handy & Harman Company 
very interesting lecture and det 
for a period of forty minutes on t 
of Low Temperature Brazing 
followed by a series of demon 


smaller groups ¢ 


Ttwenty atat 


SAN JOAQUIN VALLEY 


With an attendance of over 
dred, the monthly meeting 
Joaquin Valley Section, was hel 
tember 22nd in Bakersfield 
gram as presented was enth 
received, and following the p 


ented by Mr. A. P. Maradudi 


terials Engineer, El Segundo | 
Standard Oil Company, many 
were asked regarding the subj 


his paper A number of met 
San Joaquin Valley Chapter of 
can Petroleum Institute were als« 
Mr. H. H. Hammett asked to b 
from the post of Chairman of the | 
Committee Mr. R. Rutherfor 
Linde Air Products Company wa 
to fill the position 
The schedule of meeting 
September up to June 1939 ar 
held on a Thursday night Che 
place of the meetings are as follow 
October 27th—Taft, California 
November 24th—- Bakersfield, ¢ 
December 15th Craft, Calif 
January 26, 1939 Jakersfield, ¢ 
February 23, 1939—Taft, Calif 
March 23, 1989—Bakersfield, Cal 
April 27, 1939—Tafit, Calif 
May 25, 1939—Bakersfield, (¢ 
June 8, 19389—-Taft, Calif 


TULSA 
rhe opening Fall Meeting of the | 
tive Committee held at Hotel Tul 
the purpose of appointing Committ 
the duration of present Officer 
Che Committees are as follows 
Membership Committee—R. L. Li 
Chairman, Big Three Welding Equi 
Co., C. L. Wiley, P. W. Patterson, H 
Bassett, F. J. Thompson, S. M. McM 
and L. E. Lippincott 


NOVEMBER 





Gratto 
Hall, / 


Cont 


Brand 
Chi 
Curry 
cag 
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Pears 
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Il 
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ram Commuttee—O flies Rogers, 
an, Big Three Welding Equipment 
D. Laidley, J. B. Davis, L. M 


McKelvey, H. M. Rosevear and Louis R 


Interpretative Committee—C. G 

W Chairman, National Tank Co., 

Kinsvauter, I R. Hodell, M. E 

Clauson, C. L. Wiley, S. L. Spence, A. A 

Adcock, P. W. Patterson, Chas. McNamar 
17. H. Smythe 


WASHINGTON 


Washington Section has made 

ition for membership in the District 

§ Columbia Council of Engineering and 
Architectural Societies 

4 dinner meeting was held on October 

tth at the Lafayette Hotel 


dinner, there was a regular meeting at 


Following 


which Mr. A. E. Gibson, President of the 
Wellman Engineering Company was thi 
guest speaker Mr. Gibson talked 
Welding of Low Alloy St: 
There were eighty present at the di 
ner and one hundred at the meeting 

Ihe following is the program fot 
ensuing year 

November 22nd Welding Nickel 
Alloy F.G. Flocke, International Nick 


lame Hardening ind | il 


I ’ ning 
Joint A. S. M., J. J. Crow Meat Appa 


ratus Research and Development Dept 
Air Reduction Sales Company 
January 24th Non-destru \ Test 
ing of Welds,’’ N. L. Mochel, Metallurgical 
Engr., Westinghouse E] & Mfg. ¢ 
February 28th Metallurgy i 


List of New Members 


September 1 to September 30, 1938 


CANADA 


Gratton, Yvon (C), Labelle, Que 
Hall, A. J. (D), 


Ont., Canada 


, Canada 
272 Wellington St., Sarnia, 


CHICAGO 
Brandsma, R. (D), 237 W. 105th Place 
Chicago, Ill 
Curry, R. A. 
cago, Ill 


B 1621 E. 78th St., Chi 


Guirl, H. P. (C), The Superheater Co., 


East Chicago, Ind 
Pearson, W. C. (B), 
Il 
Rutt, E. M. (D), 38 N. Lockwood, Chi 
cago, IIl 


CINCINNATI 


Baechle, E. J. (B), The Stacey Mfg. Co., 


Elmwood Place, Cincinnati, Ohio 
Gornall, E. (D . Littleford Bros., 453 E 
Pearl St., Cincinnati, Ohio 
Harris, A. M. (B), 
EK. Pearl St., Cincinnati, Ohio 
Pandorf, F. O. (B), 
Elmwood Place, Cincinnati, Ohio 
Wielftange, F. H. (C 
Co., 828 Belle Ave., Hamilton, Ohio 


COLUMBUS 


Jones, A. B. (B), 1459 W. 6th Ave., 


Columbus, Ohio 


CONNECTICUT 
Petsche, R. A. (C), U 


New London, Conn 
Sharp, H. P. (C), The Bristol Co., Water 
bury, Conn 


DETROIT 


McKesson, L. E. (D), 309 Fulton St., 


Buchanan, Mich 


GEORGIA 


Guillot, Edward (B), 282 Spring St., 


N. E., Atlanta, Ga 
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Westinghouse E. & 
M. Co., 20 No. Wacker Drive, Chicago, 


Littleford Bros., 453 
The Stacey Mfg. Co., 


Wielftange Mfg. 


. 5S. Submarine Base, 


Minch, W. =, C), 500 Tes wood Driv 
Apt. 33, Atlanta, Ga 


INDIANAPOLIS 
Spoon, Robert (D), 2828 E. Michigan St 


Indianapol Ind 


KANSAS CITY 


Ashton, N. L. (B), 1012 Baltimore Av 
Kansas City, Mo 

Buxton, M. L. (D Longview Fart 
Les Summit, Mo 


Darby, H. C. (¢ land ( 
Walnut St., Kansas City, Mo 

Fizzell, J. L. (B), 1 Crystal Ave., Kar 
sas City, Me 

Ladd, R. J ( Dept ti Shop Pract 


Kansa state College Manhattar 


Kan i 
Marsh, Marvin B. (B), 7100 Roberts St 


Kansas City, Mo 
McCune, L. C. D Longview Fart 
Lee’s Summit, Mo 
Smith, V. M. (B), 
Lawrence, Kansa 


LOS ANGELES 


Grant, E. G. (C), California Inst. of Ts 


1201 E. California St., Pasadena, Calif 
MILWAUKEE 

Barkow, E. F. (C Wisconsin Bridge & 
Iron Co., 5023 N. 35th St., Milwaukes 
Wis 

Cauntley, Clifford (| 2336 W. Juneau 
Ave., Milwaukee, Wi 

Sarvis, A. L. (D), 7828 Milwaukee Av 


Wauwatosa, Wi 


NEW YORK 


Grap, Alexander (1D is 
Bergen, N. J 

Klinke, H. O. (B), 10 Monroe St., Apt 
Hd 12, New York, N. Y 

Weekes, James H. (C), 125 W. Main S 


Oyster Bay, N. Y 
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WESTERN NEW YORK 
Patterson, J. K 


‘ ‘ 
i ‘ ‘ } 


NORTHWEST 
Dahiquist, C. E 


\ 
1 


Steinmetz, Leslie 


No., Minneay 
Iritchler, W. ¢ 

| wuIp Cort 

Minneape 
Weisgerber, L. J 

Minneap Ming 


OKLAHOMA CITY 
Helderman, J. E 


Oklal i ( 


PEORIA 


Wiese, H. D. (! 
Kr \ ' 


PHILADELPHIA 


Johnston, Bruce 
Lehigh Univer 


PITTSBURGH 
Callery, S. S. (4 
Pa 
ROCHESTER 
Barker, J. A. 


er, N. ¥ 
Le Cain, G. H. (( 
ter, N. ¥ 
Jansen, C. C. 
Ro he ter, N " 
Marr, Phillip 
Ro he Let N \ 
Martin, N. N. 
Dansvill N. ¥ 
Mitchell, H. F 
ter, N. ¥ 
Owen, E. V 
IV (x I I 


ST. LOUIS 
Wilfley, Joseph 
SAN JOAQUIN 


Edleman, L. A 
Chem. Cory 





SOUTH TEXAS 


Beeley, Raymond (B), 301 Frio St., Hou 
ton, Texas 

Glover, W. B. (D), Wyatt Metal & Boiler 
Wks., Box 3052, Houston, Texas 

McLaren, L. G. (D), Wyatt Metal & 
Boiler Wks., Box 3052, Houston, Texas 


WASHINGTON, D. C. 


Endlich, P. M. (C), 3300 
W., Washington, D. C 
Jeffries, W. J. (C), Bureau of Construction 
& Rep., U.S. Navy, Washington, D. C 
Macintosh, C. D. (C), 1910—37th St 

N. W., Washington, D. C 
Sampson, D.S.(C), A. M. Byers Co., 1127 
Shoreham Bldg . Washington D. ¢ 
Smith, W. W.(C 
Arlington, Va 
Warriner, R. E. (B), International Nickel 
Co., 915 Shoreham Bldg., Washington 
D.C 


19th St., d 


3008 Second Road, N 


WICHITA 


Galley, John (C), Cozine & Galley Mach 
Co., 320 E. 21st St., Wichita, Kansa 
Nellans, H. M. (C), Vickers Petroleum 

Co., Potwin, Kansas. 
Tibbets, R. J. (C), Sinclair Ref. Co., Pipe 
Line Dept., 1412 Commerce Bldg., 


Wichita, Kansas 


NOT IN SECTIONS 


Hlusicka, J. (C), C. P. C 
Mene, Grande, Venezuela, 
America 

Martinson, E. O. (C), American Mach. & 
Metals, Inc., E. Moline, Il 

Powers, H. C. (C), American Air Filter 
Co., 215 Central Ave., Louisville, Ky 

Reed, Clarence (D), Box 865, Vernon, 
Texas 

Roman, Ing. H. (B), Cales Victoriei 50 
Seara C, Bucarest, Roumania 

Ross, D. H. (B), Michigan Power Shovel 
Co., Benton Harbor, Mich 


Maracaibo, 
South 


EMPLOYMENT 
SERVICE BULLETIN 


SERVICES AVAILABLE 


A-287 
do all types of welding 
experience in burning, cutting and welding 
Arc and gas welding of boilers, piping, etc 
Just finished doing high-pressure piping 
welding for the War Department 

A-288. Designer for Resistance Weld 
ing machines 
jigs, fixtures, special tool and special auto 


Welder desires position. Can 
Fifteen years 


Experienced in design of 


mobile parts, also for special research ap 
paratus and equipment 
at Guggenheim School of Aeronautics at 
the California Institute of Technology 
Chief Engineer and Superintendent of 
Machinists at the Daniel Guggenheim Air 
ship Institute in Akron, Ohio 
for spot, butt, press, flash and seam weld 
ers, portable gun welders, projection weld 


Spec ial designer 


Designer 


ers, etc 

A-289. Welder desires position. Two 
and a half years’ experience in all position 
electric welding on both maintenance and 
production work. Has had a limited 
amount of gas welding experience. Young 
man, single, free to go any place 
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A-290) 
superintendent or work on welded con 
Department 
10 years experience in Engineering Ds 
} 
s 


Position wanted as welding shop 


struction in Engineering 
partments doing designing, layout, esti 
mating and production control, also time 
tudy, rate-setting, estimating, costs, etc 
\-291 Electric Welder Worked for 
the Shell Union Oil Co. on tank building 
The American Locomotive Co. on water 
tight tanks; Chicago Bridge and Iron Co 
ind the Dolomitre Marine Corp. Hada 
Class A rating with these companies. Also 
perienced with the Acetylene torch on 


ting of metals 


the cut 


POSITIONS VACANT 


United States Civil Service Examina 


tion. Junior Engineer, $2000 a year 
Optional Subjects 1. Aeronautical. 2 
Agricultural Architectural 4 
Cerami >». Civil 6. Electrical 


7. Mechanical S 


4. Structural steel and concreté 


Naval architecture 
Appli 
cations must be on file with the United 
States Civil Commission at 
Washington, D. C., not later than the 
following dates a) November 14, 1938, 
if received from States other than those 
named in November 17, 
1938, if received from the following States: 
Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon 
Utah, Washington 


Service 


below D) 


Wyoming 


. 


MINIATURE STEEL PLANT 


Through use of a miniature steel plant, 
the first of its kind in the steel industry, a 
unique approach to research is being made 
in the new research and development labo 
ratory of the Jones & Laughlin Steel Cor 
poration, Pittsburgh 





Tapping the Small Open-Hearth Furnace 
Which Has a Capacity of 1500 Pounds and 
Parallels Conditions in the Big Steel Furnaces 
in thed & L Works. It Is a Recuperative and 
Not a Regenerative Furnace and Features an 
Unusual Type of Burner. The New Type of 
Construction in the Furnace, Which Was 
Developed by the Research Staff, May Be 
Applicable to Open-Hearth Furnaces Used in 
Actual Production 
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An Ingot from the Open Hearth Is Bei; 
Rolled on This Small Mill to Form a Ba; wOrK 
Which Will Be Subjected to Any of a N 


of Tests to Determine Its Physical Props whic 


Here steel making facilities 
open-hearth furnace, heat-treating f 
and rolling mills of pilot plant 
used in 


equipped chemical, physical and 


conjunction with ¢ 


graphic laboratories in a direct 
to solving the problems of steel qua 
rhis pilot plant of small manufa 
units will be used to investigate, wit 
plete technical control, the variou 
ods of steel making on a basis that 
the ready application of new and im 
practices in the big furnaces and 
the production departments 
In the past, it has been thi 
practice to conduct research by a 
tory procedure which resulted in adva 4 
ments being made in research fa 
they could be tested and applied i mee 
mills . 
The J & L research and developr ng 
department overcomes this handicap by i 
combining the research laboratory wit ta 
assembly of development equipment | amp 
form this unusual laboratory in wi 
steel making practices can be studied 
small scale resembling mill conditiot 
that when new or improved practice 
turned over to the mills, they are « 
to be commercially practicable. In 
tion, the staff is working to develop 1 
designs for furnaces which give prom 
bettering the quality of steel 
The research and development divi 
is under the direction of H. W. Grahar 
General Metallurgist, which insuré 
the attention of the research staff 
H. K. Work, Manager, is directed t 
current problems and facilities t! 
dination of their work with the m 
gical departments in the mills. Thi 





eral direction also concentrates 
search and development activiti 
separates them from the routine 
gical control work carried on in the w 
at Pittsburgh and Aliquippa 

The laboratory is divided into 
divisions. 
division on the basis of the general fi 


Projects are assigned 


science or activity covered by that 
sion such as physical metallurgy, p! 
metallurgy, pilot plant operation, m: 
shop and testing, library and patent 
sion and the service and clerical div 
The aim and scope of the researc! 
development division determined tha 
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ent should be housed in a factory 


me ilding adjacent to the works. The 
et shop is flanked by offices and labo- 
. with adequate provision for fu 
r pansion Electric power, com 
ores uir, steam and other services are 


sypplied from the mills nearby 

ype of equipment used in the new 
tory has been governed by the de 
ire to give primary attention to the proc 
sses of steel making. A feature of this 
ent is the small open-hearth fur- 


ace developed by the staff which has a 
apacity of 1500 pounds and parallels con 


s in the big steel furnaces in the 
work It is a recuperative and not a re 
rative furnace, and is equipped with 
isual type burner. The new type of 
nstruction in this experimental furnace 
uy be applicable to big furnaces used in 


production 


Ingots cast from this furnace weigh 
from 185 to 900 pounds as compared with 
ingots from commercial production which 
weigh from 3'/, to 10 tons. The labora 
tory ingots are rolled in the pilot plant or, 
in some special cases, are rolled into vari 
ous products on equipment in the regular 


mills 


WELDED STEEL CONSTRUCTION 


A new book has just been published by 
the Pitman Publishing Corporation, 2 
West 45th Street, New York, on ‘‘Welded 
Steel Construction,’ by Robert S. Hale 
This book sells for $3.00 and is a manual 
for the design, detail and fabrication and 
erection of welded steel buildings, bridges 
and other steel structures [he books 
consists of 169 pages copiously illustrated 


NEW PRODUCTS 





The Society assumes no responsibility 
for the validity of claims in this Section 


FOR LIGHT-GAGE WORK 


A new 150-ampere alternating current 
arc welder of the transformer type has been 
jeveloped by General Electric for low cur 
ent welding with heavily coated alternat 
While 
t is chiefly intended for use on light-gage 
netals, its wide welding range—35 to 180 
permits its use on fairly heavy 


ng current arc welding electrodes 


amperes 


iterials as well 





G. E. Arc Welding Transformer 


1938 


With this type of equipment, power 


costs are reduced approximately 50 per 
cent as compared to welders of the rotat 
ing type In addition, it avoids trouble 
some arc blow, sometimes experienced 
with direct current welders, thus reducing 
the number of rejects to a considerable 
extent and avoiding the necessity of re 


working welds 


150-AMPERE D.C. ARC WELDER 


A new direct-current 


single-operator arc-welding equipment has 


| 50-ampere 


been announced by General Electric which 
further extends its line into the field of 
light-gage work rhe new equipment, bi 
cause of its high, instantaneous recovery 
of voltage 


prevents arc pop-outs at all 


points in its wide welding range with any 
lightly coated, or heavily coated 
electrode Its stability prevents excessive 


current 


good bar¢ . 


surges, thus avoiding excessive 


spatter loss and sticking of the electrod: 


FLEXARC WELDING CABLE 


A Flexarc Welding Cable, that is flexi 


ble, durable, light in weight and ha 


positive insulation, applicable for field and 


announced by Westinghous« 
Manufacturing 


shop use, is 
Electric & 
These cables comply in all 
latest I.P.C.E.A. specifications for rubbet 
sheathed arc-we Iding cables 


Company 


The paper separator between the copper 
liding 
action between the outside layer of wires 


and rubber sheathing, permits 


and the rubber jacket Also, the 


number of fine copper wires 


jac ket S of 


The protective 
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respects with 


large 
composing the 
stranding provide for extreme flexibility. 
these cables 


are of 60% rubber armor, built for hard 
usage under the most severe mditions 
and for long, reliablk ervice with maxi 


num safety 


CONTROL FOR POLYPHASE 
A. C. POWER 


Illustrated 1 i i ible 
' l } < 1 ' | 
~Olypnase reactlo A | i drop 
¥f 300 volts at 50 amp 

Phis device \ eful 
1 industry whe \ ivea 
mooth oO in ) vpl 1: 
jOWCT 


PORTABLE MEDIUM-PRESSURE 
ACETYLENE GENERATOR 


Phe Linde Air Products Cor iny, 
¥f Union Carbid ind Carbon Corpora 
tion, has announce i \ | 
icetylene generato v" | 
er of small qua rf \ f 
xyacetylene welding ar 

his new generator, tl Carbic Me 
dium-Pressure Acetylene Generator utilize 
the unique advantag« i ¢ processed 
calcium carbide Like all Car genera 
tors it makes available a dependable supply 
| acetvlene, generated i req red It 
takes eight cake or Carbic pro ed car 
bide at a single charge, and yields approxi 
mately SO cu. ft rf vler from one 
harging 

he outstanadiny Ica l he new 

generator is the 1 bet aling me whicl 
1utomatically sea off I ik der fror 
the water sl “\ i in 
use This a th 1 ical 
use of the charge of cart ind | vents 

ie generation of ‘ rf 












Fig. l—New Medium-Pressure Acetylene Gen- 
erator Embodies a Number of Improvements 
Heretofore Unavailable 
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WELDING SOCIETY AWARDS, 
MEDALS AND PRIZES 


The Samuel Wylie Miller Memorial 
Medal, an annual award of the AMERICAN 
WELDING Socrery for conspicuous con 
tributions to the advancement of the 
welding or cutting of metals was _ pre 
ented ai the opening session of the 1938 
Annual Meeting of the AMERICAN WELD 
ING Society to J. W. Meadowcroft 

Dr. H. L. Whittemore, Chairman of the 
Board of Awards, presented the Medal 
to Mr. Meadowcroft for his pioneering 
work in the fabrication by welding of auto 
mobile bodies 

Joseph Walker Meadowcroft was born 
August 21, 1889, at Philadelphia, Pennsy] 
vania. He is entirely self-educated, having 
started working at the age of eleven, and al 
though still less than fifty yearsof age, more 
than thirty-five years of his life have been 
devoted to vigorous work, a description of 
which would constitute the story and the 
evolution of the all-steel automobile body 
His remarkable memory and business per 
spective have made him invaluable 1n his 
executive position as Assistant Work 
Manager of the Edward G. Budd Manu 
facturing Company, Philadelphia, but he 
nevertheless finds time to keep in intelli 
gent contact with the latest welding d« 
velopments, to which he is still contribu 
ting 

In addition to the heavy managerial and 
executive duties which he has shouldered 
at home and abroad for the Budd Com 
pany, Mr. Meadowcroft, as an inventor 
has contributed materially in a creative 
wav to the advancement of the welding 
art There have been issued to him some 
twenty-five or thirty U. S. patents and 
ome fifty-four foreign patents 

In the long days before the advent of 
the portable electric welding tools, his 
patented multiple groupings of electrodes 
and shifting and adjustable electrodes for 
stationary welding machines greatly in 
creased the speed of welding as done on 
welding machines. So also 
did his patented jigs and fixtures for auto 


stationary 
mobile subassemblies to be welded both 
by poke welding and stationary machines 
work on electrode 
clamps to facilitate quick 
His patented flux for oxyacetylene welding 


He did considerable 
adjustment 


is even today one of the very best His 





Prof. Whittemore Presenting the Samuel 
Wylie Miller Memorial Medal to J. W.Meadow- 


croft 
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““Joe’’ Meadowcroft Recipient of the Miller 
edal 


donkey 
seams by a succession of ove rlapping spots 
His patented 
process for indirect welding of the outer 


use of a welder for making 


was one of the very first 


panels of doors of automobile bodies in a 
manner to avoid such marring by welding 
is would impair finish, has been of out 
standing value and continues in use to 
day 

Mr. Meadowcroft is a charter member 
of the AMERICAN WELDING SocIreTy, and 
served as Vice-President and Director of 
the National 
Chairman of its Philadelphia Section. He 
is also President of the Philadelphia Weld 
ing Club, and Chairman of the Welding 
Committee on Research, Budd Industries 
He was formerly Director of the Welding 
Budd Manufactur 
ing Company In 1930-31-33 and 34, he 
was Sous Director, American Mission, 
Citroen Motor Car Company, 
France, and in 1933, with Mz: 


Organization as well as 


Division Edward G 


Paris, 
Andr« 
Citroen, was decorated by the Sultan of 
Morocco 

His immense vitality has not only 


produced numerous individual accom 
plishments, but has imbued his subordi 
similar energy He has 
written more than thirty papers on weld 
ing, seventeen of which have appeared 1n 
the Journal of the AMERICAN WELDING 
SOCIETY hese, as well as the numerous 


issued to him, have been mostly 


nates with a 


patents 
in connection with the welding of steel 
bodies In 
original contributions toward the 


automobik short, he has 
made 


solution of every problem with which he 


has come in contact His attitude toward 
advice has ever been receptive, his at 
titude toward progress, that of the pioneer 


| 
His associates in his every field of activity 


l 
have felt the itmspiration which comes 


from the forward-looking view which 
Mr Meadowcroft has consistently ex 


pre . ed 
Lincoln Gold Medal 


Che second presentation olf the J FE 
Lincoln Award for the best paper repre 
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senting original contribution to 
vancement of the use of welding, y 
year made in duplicate to co-aut 
the prize-winning treatise, in Ds 
Monday, October 17th, at the 
Annual Meetir 
AMERICAN WELDING SOCIETY 
Mr. G. T. Horton, President 
Chicago Bridge and Iron Work 
member of the Board of Awards pr ted 
the medals to J. C. Hodge and C. R_ §, 
ler for their paper on ‘‘Weldability and 
Properties of Materials for Casing String 
James Campbell Hodge was born in 199 
at Falkirk, Scotland In 1916 } 
to America, 


session of the 


completing his s 
education in Cleveland, Ohio. H 
ceived his B. S. degree from Case Scho 
of Applied Science in 1923, maior 
metallurgy under Professor H. M. ] 
ton 

For four years after graduation he y 
associated with Messrs Jenn 
Christensen, Consulting Chemi 
a number of foundries in Ohio ar 





ana 
In 1927 he joined the Babcock and \ Mr. | 
cox Company to investigate th Mee 


of the various welding proce 
develop a process of welding sui 
application to the construction 
drums 

His experimental work during 


riod contributed toa better under 





of the behavior of steel in metal arc \ pipi 
ing and of the functions of coveri' Be 
electrode in producing ductil 
arc-weld metal He was associat ni\ 
Professor H. F. Moore in the inde 
experiments of the Babcock and f A 
Company, involving fatigue t f H 
sized drums and shells of riv n 
welded construction His inv if tion 
of methods of non-destructively ista 
welded joints are also well know the 1 
became a recognized authority co 
field [The wide spread use of ind D 
radiographic examination is largel bie 
on the success of these early invé 
During this period he devel Al 
perfected the process of welding . 
by this company for the welding « ee 
Kes 
Fo 
» 4 
[1 
H 
ut] 
Ha 
\ 
Mo 
ar] 
4s 
th 
Ba 
an 
& | 
Pe 
’ a 
’ ig 
George T. Horton Presenting the Lir t a 
Gold Medal and Certificate to Dr. J.C. Hodge T 
Co-Author of the Winning Prize Paps ; 
NOVEMBER 19° 
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Upon the introdt n ol fusion a 


and took steps for the development of 


improved 


manutact 1 
Mr. Sadler, Recipient of the Lincoln Gold Beaver Falls plant of Th Babcock & 
Medal and Certificate as Co-Author of Paper Wilcox rubs — Through 1 ulting and | 
n “‘Weldability and Properties of Materials — - apeay a = 1 . 

for Casing String.’ many visits to th il f d he became —o 












. CHICAGO SECTION, WINTER 



















interested in their problen of welding 
' It; os tai . ‘ i ng | 
applications, resulting im hi vestigation 
; A \ 
of casing welding as reported in a join ed 
and t N ry O t r in rls I ' ‘ { VN g 
ind the welding of other importan paper with Dr. J. C. Hodge dated Mat 
structions such as the power penstock 1 1938: “Weldability and Propertic Ja 
manna ; 2 ‘ y ‘ ‘ : ; * ; 
piping of the Boulder Dam project Matectahe Bar Case Gtcles pa 
Between 1931 and 1933 he continued , , aie os — § I r Ii 
, Phe practice of welding l ) ) 
etallurgical studies at Harvard - a Sn weeen Be al gy 
ANSLIIX 4 i ahi i 2 { vv i , x nes - 
versity, his doctorate being obtained Fe ei r ; eT waite A g 
; idopted because o intial ving 
nder Professor Albert Sauveur—the dean chiet 1 f J 
Vn il ) ill ( ) 
American metallurgists : ' ' ‘ 
His later work has included studies on aa . “1. ot a = f v\ 
Nan po vit rit i % i x 
weldability of the low-alloy construc ial +1 +] ; , sh sttt es of January 
ring ie greatly red 1 po ) 
tional steels and of the various heat re Rael aaa a 2s . ae nt ¢ 
iCak i l l 0 ) ( \ \ 
tant and corrosion resistant steel in ' , , 1 ! : 
; ' f pipe on abandoned well 11 W 
ietallurgy of which he has also gained ited 
onsiderable reputation ip ar eee i 
oO! det ulling 1e |] 
Dr. Hodge has cooperated in the a ‘ 
Pouch y 
vil of many of the engineering s¢ 
Remy a Pairs welding t i ‘ 
erving on a number of the techni ' 
disc i i | 
il committees of the American Society f 
fa Sing 
resting Materials, the Boiler Cod ; - 
) { ’ i x 
Committee of the A. S. M. E., the Welding , ' 
Kesearch Committee of The Engineering f 4 : “Sere eee Dey \ 
' ‘ I omp! ) y 1 | ( ila 
Foundation t he AMERICAN WELDING ‘ , ite I 5 
1 il iSinl¢ " 
SOCIETY and the American Petroleun eis 
age of casing gs a 
He has made many contributions to the ae 
. welded 1 welda i i 
hnical literature on welding, being co eer 
, . lign i i 
uuthor of two chapters of the Welding , ‘ ‘ 
Handbook of tI AMERICAN WELDING “er eee 1] neil i 
> ETY ert \ 
Cornelius Robinson Sadler was born in ot as , ap \\ 
ena rusnit 1eT Da 
Montgomery, Alabama in 1875. In hi rl 
n pal i} i ) : 
arly youth he took an apprentice courst Saal ng W 
reasing or Vv Mit l rg - é ‘ 
is a mechanic, following which he spent : 5 
pipe will ] \ 5 
eral years at various mechanical job , 
he South In 1901 he came north and let W 
ar , Industry and Welding Prize 
iortly thereafter made a connection with Ly 
Stirling Boiler Company, later The The Indu y ar no | “ 
Babcock & Wilcox Company at Barber was awarded for tl \ y 
Ohio, and has been with this concern th f Senior > ind grat I 
Since erving im various capacitt leg was won by Mr. G. | M ‘ 
and 1s now Vice-President of The Babcock Tr Alabama Polvt 
& leox Tube Company at Beaver Fall Mr. Mapl \ I 
Penna. During thi period Mr. Sadlet f “Student Project College W tit \ 
‘ : ch : 
las been active in the development, di ing Laboratory 
sign and manufacture of such apparatu This award wa gt attra Viaintena 
is Steam boilers and their auxiliaries for Senior engineering wi ' We 
nd and marin ervi ind the di is a field for their lil 1 i1vol SI 
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THE VOICE WITH 


A 


SOUTH 


It may carry the salty twang of 
New England or the soft accents 
of the South. 

It may be swift and crisp in 
the New York manner or full of 
the pleasant rolling r’s in the 
style of the West. 

But wherever you hear it, it 
will be friendly, courteous, and 
efficient. 

It’s the all-American voice of eee: 
the Bell Telephone operator— 
“The Voice with a Smile.” 

The entire Bell System seeks to 
serve you quickly, capably and in 


the spirit of a friend. 


WEST 


BELL TELEPHONE SYSTE™ 
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The Intluence of Residual Stress on 


the Strength of Welded Seams 


By J. P. DEN HARTOG' and O. E. RODGERS} 


SUMMARY 


METHOD is described for producing an internal 
Atte distribution in plates similar to that found in 

welded plates without changing the metallurgical 
structure of the plates. By this method the effect of 
internal stresses on strength properties can be evaluated 
without any disturbing effect from the metallurgical 
changes consequent upon the welding Che 
plates were subjected to destructive tensile tests in a 
direction parallel as well as perpendicular to the direc 
tion of the internal stresses. 
t 
t 


prt CesSS. 


No change was found in 
he strength properties of the plates with and without 
hese internal stresses. This indicates that the cracks 
experienced in welded structures of ductile boiler plate 
subjected to slowly varying stress are not due to internal 
stresses, but must be a result of the metallurgical modi 
fications of the material. 


INTRODUCTION 


At the present time a standard procedure in the manu 
facture of welded pressure vessels is a stress anneal after 
fabrication, which is rather costly when the vessels are 
of more than moderate size. Although the A. S. M. E. 
Unfired Pressure Vessel Code requires such a stress an- 
neal in most cases, there is very little experimental 
evidence available which tends to shed any light on the 
effect of internal stresses by themselves on the strength 
properties of welded structures. 

The distribution of stress around butt-welded joints 
has been thoroughly investigated.! It is characterized 
by a very high tensile stress in the direction of the weld 
and smaller compressive stresses in the same direction 
farther removed from the bead. In a seam of a foot or 
more in length, these are the only stresses of any im 
portance, the conditions at the ends of the bead being of 
1 local character. 

A steady tension or compression in the direction of 
these stresses should not produce any surprising results, 
since the uniform straining should even out the stresses 


e ’ I he research described in this paper was carried out under a grant from 
Milton Fund of Harvard University, and with the use of the testing facili 
of the Watertown Arsenal by kind permission of the Commanding Officer 

‘ol. G. F. Jenks, and later Col. R. W. Case. Contribution to Welding R« 


search Committee 
' Harvard University 
pee Research Supplement to AMERICAN WELDING Soctrty JouRNAL, No 


H. E. Lance 


ik 


Martin, Inst. of Welding Trans., I No. 1, pp. 35 Jan 


“ebel and A. Maier. Z. VD! .77 No 5l pp. 1345-1349 (1933 








after a very small amount of additional imposed strain 
This has been found to be the case by Lance Martin.* 
When the applied external stresses and the internal 
tension are at right angles to each other, is reason 
for believing that some change in the strength properties 
might take place, since in the region of the 
are two principal stresses at right a1 
It has been found experimentally that such a condition 
tends to make the material more brittle and tends to 
produce a higher strength at failure The tests de 

scribed in this paper were made to determine 
mentally what effect this condition might have 


there 


weld there 
gles to each other 


expe Tl 


METHOD 


It was first necessary to devise a method for producing 
an internal stress distribution similar to that found in 
welded plates without changing the metallurgical stru 

ture of the plates, so that any effect found could be at 

tributed solely to internal stresses Chis 
plished by running a bead on a strip of steel about one 
quarter of an inch thick which had been clamped over 
the plates to be treated Che are did not penetrate to 
the plates below, but the temperature below was 
high enough to cause the metal to reach its 
in compression and produce internal tensio1 
again to room temperature Che naturally 
not fuse with the plate and is lifted off after the welding 
Beyond a little cracked scale no surtace effects are dis 
cernible on the treated plate. For mild steel of the 
strength used in these tests, an increase in temperature 


was accomil- 


raised 
vield point 
after cooling 


strip does 








of 150° F. would cause a rigidly held piece to become 
plastic A temperature difference of slightly more thai 
twice this value will cause sufficient permanent set to 
create after cooling of the restraining material on each 
side of the heated strip a tensile residual stress equal to 
Gauge Points -P A Heated 
o] 
a 1 
a ain 
<s 
t 
L A ——__—__—_/ : 
~ 2 - 
- 40 7 


Details of Test Piece 
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Fig. 2—Internal Stress Distribution in Plates of Ist Set 


the yield stress. Thus, the maximum temperature 
necessary to produce such an internal stress distribution 
is well below 500° F., which is considerably less than 
the temperature at which changes in metallurgical struc- 
ture begin to take place. In order to make sure that 
the rest of the plate remained at room temperature, the 
specimens used were water cooled on both sides of the 
bead during the welding operation. The welding was 
done with an automatic machine, so that the process 
could be repeated under the same conditions. 

After the specimens had been treated in this way, one 
from each set was cut up to determine the actual stress 
distribution. At the same time, sections were made of 
different portions for microscopic examination. The 
micro structure of the heated portion remained un- 
changed except for a small strip about 0.05 inches wide 
and half as deep, just under the bead in some of the 
plates. In this insignificant region the carbon content 
was raised probably by a coating of oil on the cover 
strip. Hardness tests over the portion which had been 
heated showed only a slight increase over those over the 
untreated portions, the average values being 80 Rock- 
well ‘‘B”’ for the former and 78 Rockwell “B”’ for the 
latter. Asa final test, a tensile test specimen */; inch in 
diameter was made from the heated zone of a plate and 
compared with one cut from the untreated portion of 
the same plate. The yield point had increased from 
40,000 pounds per square inch to 41,200 pounds per 


tion of this assumption is illustrated by the similar; 
the two internal stress curves plotted in Fig. 3. 

The internal stresses set up in one of the heated plat¢ 
were determined in great detail by measuring very a 
curately the distance between pairs of holes drilled 2 
inches apart at various points on both surfaces of th 
plates with an especially accurate Berry type straiy 
gage. Comparison readings were taken betwe 
standard set of holes and the pair to be measured, by 
cause the gage was found to be too sensitive to make ab 
solute measurements possible. About 160 pairs 
gage points were drilled on each side of the plate, som: 
of which were arranged at the corners of triangles s 
that three measurements were possible from thre 
points. The plate was then cut into small pieces to r 
lax all the stresses set up by the welding treatment and 
the distances between the pairs of holes measured agai: 
The relaxation strains thus measured are a measuré 
the internal stress conditions in the plate. 

The main character of the strain pattern thus found 
consists of a tensile strain almost equal to the yield 
point in the heated zone and balanced by areas of lower 
compressive strains on both sides of the heated zon 
the direction of both being parallel to the heated lin 
Secondary compressive strains of about one quarter 
the yield strain in tension were found at the ends of 1 
weld perpendicular to the heated zone with a balancing 
region of very low tensile strain in the center. 

A plot of the relaxation strains measured betwee: 
pairs of holes drilled parallel to line A—A at intervals 
along line B—B is shown in Fig. 2. Because of the ver 
small magnitude of the other strains measured, thes 
strains may be transformed directly into stresses, using 
a value of Young’s modulus of 30,000,000 pounds per 
square inch. It is seen that the stress in the ver 
middle section is roughly the yield point of the materia 
in tension, as found from the tests of the large t 
pieces. 

The two remaining plates of the first set (one without 
any stress, the other with the stresses of Fig. 2) wer 
tested in the Emery testing machine at the Watertow 
Arsenal, and stress-strain curves obtained which showed 
the entire plastic yielding until fracture. The curves 
were found to be identical for the two plates: 


7 





Stress 
square inch, an increase of 3%. Seeceued Relieved 
It, therefore, seems safe to conclude that the heating Plate Plat 
procedure produces no change in the metallurgical Yield point (Ib. per sq. in.) _ 34,300 35,50) 

structure. Ultimate strength (Ib per sq. in.) 59,00 ”) 
% Reduction in width 18.3 2 
EXPERIMENTAL RESULTS % Reduction in thickness (at center) 36 s 
Total elongation (in.) §.2 
Two sets of tests were made, using test pieces of com- 
mercial boiler plate '/. inch thick of the form shown in 
Fig. 1, all the pieces in each set being cut from the same 
rolled sheet with the same direction of rolling. The aes > 
test pieces of each set were machined together so that | :™ 
they were identical in shape. After machining, they ‘és ia . % 
were stress annealed at 600° C. for twelve hours to re- » © £ . - 
move rolling and machine stresses. > a . 
The first set consisted of three plates, two of which were G bien x 2-4-4 — 
heated along the center line (line A—A in the figure) by 2 | P ca*s Te ae 
the method described in the previous section, first on 5 }-0 a" 
the upper side and then in the reverse direction on the | 
under side, the intention being to eliminate unsym- L-20 
metrical effects caused by the slow motion of the heating 
spot across the plate. For each weld, the voltage drop 
across the arc was about 26 volts, the welding current 
about 380 amperes, and the welding speed nine inches 
per minute. The plates were assumed to be identical as Fig. 3—Internal Stress Distribution in Plates of 3nd Get 
far as stress distribution was concerned. The justifica- lly = ~~ ne = ui 
2 WELDING RESEARCH SUPPLEMENT NOVEMBER 











ie fracture occurred in the exact center in the case 
e stress-relieved plate, while in the other it was 
it two inches to one side of the heated zone. 
ye second set consisted of four plates, three of which 
were heated in the manner described above, the only 
erence being that the welds were made at the slower 
speed of eight inches per minute. One of these three 
was used to determine the internal stress distribution 
and the strains obtained along line B-B are plotted as 
small crosses in Fig. 3. Since another complete survey 
was not necessary, the only gage points measured were 
71 pairs of holes distributed along lines B-B on each 
side of the plate. 
lhe unstressed plate and one of the two stressed plates 
were tested to destruction in the same manner as before 
and again the resulting stress-strain curves were prac- 
tically identical, as follows: 





Stressed Unstressed 
Plate Plate 
Yield point (Ibs. per sq. in.) 31,000 32,500 
Ultimate strength (lbs. per sq. in.) 60,200 60.500 
% Reduction in width 16.7 17.5 
% Reduction in thickness (at center) 26.5 37.5 
lotal elongation (inches) 4.75 1.6 


Che third plate with internal stresses was subjected to 
a load of 150,000 pounds, i.e. to 82% of the yield stress, 
and then cut up to determine whether or not the internal 
stress distribution had been materially altered. The 
strain measurements along line B-B were found to 
agree with those found previously (small circles in 





[his test was carried out to ascertain whether 


or not the internal stresses would be relieved by the 
application of a large stress in a perpendicular direction 


Since they are not, it can be concluded that all plates 


reached their yield points in the testing machine with 
their residual stress patterns completely intact, and that 
thereafter, in spite of the internal stresses, they were 
just as ductile as if they had been stress annealed 
CONCLUSION 
These results indicate that the internal stre system 


in the vicinity of a welded joint has no effect on the slow 
tensile strength properties of the joint Phe 
found show that the center section of the plate Ss was sub 
jected to tensile stresses as high as the yield point in two 
perpendicular directions, which, however, made no dif 
ference in the behavior of the metal in plastic flow 

It follows that stress annealing 1s not necessary for struc 
tures which are subjected to unvarying or slowly varying 
Naturally, the tests do not give any information 
on the behavior of unannealed welded structures subjected 
to fatigue or impact stresses, and further research in this 
direction is in order. 

The authors wish to express their appreciation to 
Professor C. A. Adams for suggesting the subject of this 
research and to Major J. L. Guion, Dr. H. H. Lester 
Mr. W. L. Warner and Mr. H. C. Mann of the Water- 
town Arsenal for the generous loan of time and equip 
ment 


stresses 


tresses. 


Discussion by Dr. Comfort A. Adams of the Paper on “The 
Influence of Residual Stress on the Strength of Welded 
Seams” by J. P. Den Hartog and O. E. Rodgers, 


Che authors are to be congratulated on developing a 
new and novel method of studying the matter of internal 
stresses in welded joints. This problem, as every one 
knows, is extremely important and difficult of exact 
quantitative analysis. Owing to the microstructure of 
the weld-metal in the affected zone, it is appreciably 
stronger and has a higher yield point than the base 
metal. Thus, under stress the first yield occurs in the 
ductile base metal, after which the stresses are so dis 
tributed that the overall strength is unaffected by the 
presence of the original residual stresses. In other 
words, if no cracking occurs before the weld is thoroughly 
cooled, assuming it is mild steel, it is quite unlikely that 
any failure should occur due to residual stresses. In 
fact, this is thoroughly proved by many years of ex 
perience on thousands of structures of this material 

However, a little analysis will show that if the stress 
gradient is steep enough to produce vigorous multi 
axial stresses, failure will occur when the stress in the 
weld zone reaches its ultimate strength, which may be 
long before the overall stresses have reached that point, of 
course only under the specified conditions. 

Fortunately, the specified conditions of very steep 
stress gradients are very exceptional. Moreover, the 


overall stress may never reach this critical point 

; It is generally agreed by all of those close to this prob 
lem that under static or slowly changing stresses, there 
is little need to worry about the residual stresses set up 
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Harvard University 


by the welding of mild steel But this does 1 
alternating, pulsating or impact stresses 

The original objective which I had in view 
establish, if possible, some quantitative cont 
tween the stress gradient (or the factors 
and the resultant strength of the 
mayor types of stress, or in general, to supply intormation 


ipply to 


was to 
lection be 

which cause it 
weld under the three 


sufficient to indicate for what types of service, for what 
thicknesses of material, and for what materials, stress 
relieving is necessary for safety 

I realize fully that this is a big contract, but it 
certainly a job worthy of our best effort 

The authors point out correctly that the residual 
stresses cannot exceed the yield point in any case e 
cept where the stress gradient is so steep, or the restric 


tion to the flow of metal is so great as to result in bi 
axial, or tri-axial amount of the 
vield4s generally much greater in an actual weld thai 
indicated in the experiments ol the Luthor: More 
over, the cracks to which the authors refer in the 
sentence of the Summary are unquestionably due to the 


stresses; th plastic 


cooling stresses, 1n spite of the fact that the might ol 
have occurred with those same cooling stresses, if the 
microstructure had remained unchanged \s a matter 


of fact, the changes in the microstructure of a mild steel 
plate due to welding, usually involve an increase it 
volume and not a decrease, so that the stresses which 
cause the cracks are thermal uthough the 
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cracks might not have occurred in the more ductile con- 
dition of the original plate material. 

If I interpret Fig. 1 correctly, the test stress was in 
every case perpendicular to the heat-effected line, 
whereas the test curves are transverse stress plotted 
longitudinally. It is obvious that there can be no overall 
longitudinal stress across the heated zone, although there 
may be some ups and downs from one side to the other. 

In other words, test stress in these experiments was 
perpendicular to the major residual stress, and there 
seems to be no reason to expect any result other than 
that which was obtained. However, even if the test 
stress had been applied along the line of the heat zone, 


there would have been no reason to expect any dif. 
ferent result, since the stress gradient was not steep 
enough to produce the brittle fracture which occurs 
with large enough bi-axial stresses. 

There is another very important variable which does 
not enter into these experiments, but does enter in the 
case of much thicker plates, namely, the accumulated 
shrinkage stress due to the deposit of many layers of 
weld-metal in a joint between heavy plates. It is pra 
tically impossible to make such welds without the peen 
ing of every layer or two of weld-metal. Otherwise 
the surface of the plate will actually crack outside of the 
weld zone or near to it before the weld is finished. 


THE DETERMINATION OF INTERNAL 





Stresses trom the Temperature History 
By O. E. RODGERS? and J. R. FETCHER! of a Butt-Wel de d Plate 


SUMMARY 


HE internal stress distribution to be expected in 

two plates, butt-welded together by the thermit 

process, is calculated from the experimental record 
of the variation with time of the temperature over the 
surface of the plate. This stress distribution is found to 
be in good agreement with the internal stresses measured 
by the relaxation method. 


INTRODUCTION 


The difficulty of predicting the nature and magnitude 
of residual weld stresses for a given structure and proced- 
ure is a deterrent to the progress of the welding art. 
For any cases the stresses can be measured experi- 
mentally with fair accuracy, but it is not possible to 
alter the conditions and predict the resulting change 
in the internal stresses. Costly and time-consuming 
experimental tests on models or full-scale structures 
have been the only means for investigating new types of 
welded structures. 

The method described in this paper furnishes a means 
of predicting the internal stress distribution in flat, 
butt-welded plates from a record of the temperature 
variations in time and space. These variations were both 
calculated and measured and found to be in good agree- 
ment. The problem was simplified by assuming in the 
theoretical work that all the weld-metal was deposited 
at one time; the experimental welds were made by the 
thermit process in order to approach this condition as 
closely as possible. Although this condition is far from 
ordinary welding practice, the stress pattern obtained 
is strikingly similar to that found when two plates are 
arc welded together in the ordinary manner. The 
analysis of this idealized problem furnishes a quantitative 
insight into the relationship between thermal and stress 
patterns which is valuable in the study of more complex 
problems. 





* The research described in this paper was carried out under a grant to 
Professors Adams, Den Hartog and Sauveur from the Milton Fund of Harvard 
University. A contribution to the Welding Research Committee. 

+ Harvard University. 


EXPERIMENTAL WORK 


Two similar thermit welds were made, the first allow 
ing an accurate determination of the residual stress t 
be made, and the second furnishing a temperatur 
record. 

The welds were made along the long edges of tw 
inch thick mild steel (0.20% carbon) plates measuring 
15 inches by 30 inches, which had been bolted in 
vertical position in a rigid framework so that the edges 
were one inch apart. A mold of a refractory material 
was built up around the joint to provide a somewhat 
circular cross section for the molten metal. The thermit 
apparatus was placed directly over the mold. This 
vertical arrangement permitted the thermit metal to be 
poured in the shortest time but had the disadvantage 
that the first portion of the stream had cooled som« 
what by the time it reached the bottom of the mold. A 
temperature record was obtained by inserting four 
chromel-alumel thermocouples at distances of 11/4, 2, 
and 4'/, inches from the center line of the weld in the 
center section of the plate. These were connected t 
four sensitive milli-voltmeters which had been placed 
so that a motion picture camera, driven by a synchro- 
nous motor, could be focused on them. The camera 
film thus contained a record of the thermocouple volt 
ages which could be translated into temperature readings 
after calibration. Automatic temperature recorders 
were found to have too great a time lag. 

In both cases, the weld metal itself was quite porous 
but the fusion between the weld metal and the plates 
was good. No temperature record was obtained dut 
ing the first weld because an overflow of weld metal 
short-circuited the thermocouples. The temperaturé 
records obtained during the second weld are show! 
Fig. 1. 

The internal stress distribution in both plates was 
determined by measuring the relaxation strain wit! 
especially sensitive Berry type strain gage. The dis 
tance between gage holes was 2!/. inches. While the 
excess weld metal on the second plate was being planed 
off, a long crack appeared in the weld, owing to 'ts 
extremely porous nature. Therefore, since the moment 
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Fig. 1—Measured Temperature History of Four Points 
on the Second Plate 





Fig. 2—Calculated Temperature History of Four Points 


action of the unbalanced stress system on each side of 
the weld had been allowed partially to take effect, the 
strains measured in the second plate did not indicate 
accurately the internal stress distribution. The stresses 
measured in the first plate should be a true measure of 
the internal stress situation arising from the welding 
procedure used (see Fig. 5). The tensile stress in the 
center is seen to reach a value of 33,000 pounds per 
square inch, which is very close to the yield point of 
39,000 pounds per square inch found for standard 
inch diameter test specimens cut from the plates. 


TEMPERATURE CALCULATIONS 


In calculating the temperatures to be expected over 
the surface of the plates, it is assumed that all the weld- 
metal was poured and in place before the temperature 
of the base metal on either side was raised appreciably. 
The refractory mold which extended 4 inches from the 
center line of the weld insulated the plates to such an 
extent that radiation may be negiected. The frame 
work bolted to the outer edges of the plates is assumed 
to be a continuation of the plates. Then, the problem 
is reduced to that of finding the temperature history of 
an infinite plate, the initial conditions being that all of 
the plate is at room temperature except the heated strip, 
in which the temperature is that of the molten thermit 
metal, about 5000° F. End effects are neglected and a 
flow of heat is assumed only perpendicular to the weld. 


1938 DETERMINATION OF 


The solution of the problem is given by Byerly’ and 


is 


ye 7 om —b x +b—x 
7 - “ é dp: 6, . j Bo 
VT A 2av tI 2Zay t 


when the y-axis is taken through the center of the heated 
strip, and 


1 = temperature at distance x at time / 
1, = initial temperature of heated strip above 
room temperature 
b half width of heated strip 
. k 
a 
te thermal conductivity 
( specific heat 
p = density 


T,, Was assumed to be 4900° F. above room tempera 


ture, which was taken as zero. Mean values of the 
constants were used and no provision was made for 
variation with temperature. The values used wert 

k 6.48 K 10-* B. t. u./in F./sec 

c 0.16 B. t. u./Ib./” F 

Fa = ().28 Ib./in.3 


Assuming that none of the excess weld-metal was 
effective in raising the temperature of the plates, the 
value of the width of the heated zone to be used in the 
calculations is the distance between the plates, or 1.0 
inch. On the other hand, if it is assumed that the 
heat energy of all the weld-metal deposited is transmitted 
to the plates, the value for the width of the heated zone 
must be increased. Since Byerly’s solution applies 
only to a plate of uniform thickness, the total volume 
of weld-metal must be assumed to be deposited in a 
strip */, inch thick. The width of this strip was calcu 
lated to be 1.5 inches. Thus, the value of the half 


width (5) to be used must lie between 0.5 and 0.75 
inches, or about 0.6, the value used (see Figs. 1 and 2 
Byerly F ourier Series and Spherical Harmonk page & No. 4 











Fig. 3—Approximate Variation with Temperature of Some 
Physical Properties of Mild Steel 
From ‘Metals Handbook’’ 193¢ 
2 Adapted from $ imoshenko, “Strength of Materia 2, pw. 699 (193 end 


Boultor J and Lance Martin, H. & Pre Mech. f 133, or 
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The measured temperature curves fall off more rapidly 
for the points farthest from the weld because of radiation 
beyond the mold. Except for this difference, the two 
sets of curves are in close agreement. 


STRESS CALCULATIONS 


[n order to obtain a solution for the internal stress 
system resulting from the temperature variations, it is 
necessary to assume that the plate is long in the direc- 
tion of the weld and to consider only cross sections of the 
plate far enough from the ends so that end effects play 
no part. The material is assumed to be perfectly elastic 
up to the yield point and to be capable of indefinite 
extension beyond the yield point with no increase in the 
stress required. 

The solution for the temperature stresses in the cen 
tral portion of a long flat plate of width (w) in which the 
temperature varies only across the plate [7 = TJ(x)] 
and is symmetrical with respect to the center line of the 
plate is known for the case in which Young’s modulus 
(EZ) and the coefficient of thermal expansion (a) do not 
vary with temperature. The only stress is a stress in 
the y-direction consisting of a compressive stress equal 
to [EaT(x)} plus a uniform tension equal to 


+ 


EaTl(x)dx 


u 


Ww 


? 


so that the resultant of the normal forces over any sec 
tion will be equal to zero. 
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Fig. 4—Internal Stress Distribution During Cooling at 30, 105, 
300 and 1200 Seconds After Welding 


ndicates yield stress 
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Fig. 5—The Measured Internal Stress Distribution in the First P 
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Fig. 6—The Calculated Stress Distribution 


In the present case the temperature range is si 
that variations in & and a with temperature cam r 
neglected. The method employed is a step-by-ste 
graphical integration, using small enough time interva! 
so that values of the yield stress, E, and a at a particular 
point can be considered to be constant during that tin 
interval. At the end of each interval, the thermal str 
is determined and superposed on the previous 
distribution and the system brought into equilibriun 
by superposing a force due to uniform straining of tl 
material, the assumption being that plane cross sect 
remain plane. The stress at any point is never allow 
to exceed the yield stress determined by the temperat 
of the plate for that point. 

When the temperature of the center section is 


1200° F. that section should exhibit no elastic properties 


and the plates should still be completely separat 
far as stress purposes are concerned. Thus, at 
there is a moment action of the normal forces tend 
push the ends of the plate away from each othe 
tending to rotate the position of the stress zer 
However, the total moment of the stress system 01 
side of the weld when the weld-metal begins to be 
elastic would produce a relatively small rotatio! 
plate of this great a width. This effect is e1 
neglected, in order to keep the problem one-dimens 
The temperature distribution across the plat 
calculated at several time intervals after the weld 
was poured and the values of the temperature ch 
found at various points during the intervals 
were transformed into stress units using the values 
and a corresponding to the mean temperature 0! 
point during each interval. Shown in Fig. 3 at 


NOVEMEER 





den 
two 
The 
tiall 
If 
Wwe | 
nom 
con’ 
atm 
gas 
you 
ton 
tion 
prin 
are 
SECT 
ly 
Ale 
sery 
ity 
met 


be eT 











es used for the variation of E and a with tempera- 

The temperature changes were plotted in stress 
on graph paper, on which also was plotted the 
stress corresponding to the mean temperature at 
é point during that time interval. The yield stress 
curve formed an envelope, inside of which all elastic 
action occurred. Figure 3 shows the assumed varia- 
t f yield stress with temperature. A graphical inte 
gration determined the force unbalance due to the tem 
perature stresses. : 

In order to satisfy equilibrium conditions, it is neces 
sary to superpose a force, derived from uniform straining 
of the plate. This superposition can be valid only if the 
variation of the modulus of elasticity across the section 
is taken into account. The stresses resulting from a uni 
form straining of the plate vary directly with the values 
of EF. At each time interval the net force resulting 
from a unit strain was determined by graphical integra 
tion of the values of E across the section, considering 
only those areas which were not being plastically strained 
beyond the yield point. The uniform strain necessary 
to produce equilibrium was that fraction of unit strain 
which made the force from uniform straining equal to 
the force unbalance derived from the temperature 
changes during the interval. After superposing the 
stress system due to the straining, all conditions were 
satisfied, and the process was repeated for the next time 





interval. 
and infinite time. 
tory of the stress changes during the cooling process 


This was done for 37 intervals between zero 
The resulting curves contain a his 


(see Fig. 4). Yielding under compression is seen to 
occur as far as 6 inches from the center of the welded 
area. 

The final stress distribution shown in Fig 
of a region of yield stress in the center and balancing 
areas of compression extending in to about 5 inches from 
the center line. This is in good agreement with the 
stress distribution measured in the first plate 

The stress gradient to be expected is seen 
directly on the cooling rate which exists at a 
4 minutes after the welding. This suggests that diffused 
heating 3 or 4 minutes after welding of the area im 
mediately surrounding the weld could materially reduce 
the stress gradient, although it could not reduce the high 
value of the stress at the center 

It was the interest of Professor C. A. Adams in the 
relationship between thermal and stress gradients re 
sulting from welding and their effect on the strength 
properties of welded structures which gave this work its 
impetus and initial direction. The theoretical approach 
was suggested by Professor J. P. Den Hartog Che 
experimental work was done at the plant of the Metal & 
hermit Corporation, who kindly donated the 
facilities. 
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Discussion of Paper on “Arc 
Welding Atmospheres” 


By C. G. SUITS! 


AM GLAD to see that the authors separate the prob 
I lem of penetration from that of crater formation. 

It has always seemed to me that there was no evi 
dence that suggested any causal relationship between the 
two, and the experiments on nitrogen bear that out. 
The authors’ view of the crater formation as an essen 
tially mechanical problem seems reasonable to me. 

If we now view the results on penetration separately, 
we find that in no case of welding in an atmosphere of 
nominally pure atomic gas is penetration observed; or, 
conversely, in all cases where penetration is found, the 
atmosphere contains a substantial amount of a diatomic 
gas. Thus, you find no penetration in A and He, and 
you do find penetration in Nz, O2, COz and Hy. It seems 
to me that this result is strong evidence that the dissocia 
tion-diffusion-recombination heat transfer process is of 
prime importance to penetration. The results with H» 
are not entirely conclusive in this respect, possibly for 
secondary reasons. 

In going through the work which was reported by 
Alexander in the G. E. Review, 1926, I found that he ob 
served good penetration and fusion and satisfactory qual 
ity of weld-metal with Hy. On the other hand, the 
metallurgical part of his work does not appear to have 
been done too comprehensively. 

* Paper by G. E. Doan and A. M 


arch Supplement 
Xesearch Laboratory 


p Bounds published in June 1938 issue of 


General Electric Company, Schenectady, N. Y. 


1938 


The measurements on hydrogen described in the paper 
with Bounds were not taken at exactly the same arc 
energy as in the case of the experiments with A, He, No, 
O, and CO,. The porosity and bubbling which was 
found in the Hz welds may be a result of the abnormally 
high heat transfer in that gas, causing boiling of the metal 
[t is clear that at some rate of energy input to the surface 
of the weld-metal this boiling must necessarily take place. 
In the case of Hy, it takes place with currents which show 
no boiling in other common gases, because in 
the heat transfer is much smaller 

It is true that in welding in air the same porosity and 
boiling are found at very high currents. This seems to 
be the chief limitation to an increase in current as a means 
of increasing the rate of welding. If further experi 
ments bear this out, we will have to conclude that fusion 
welding in Hy» at atmospheric pressure results in a rate 
of heat transfer that is too great 

There are several solutions for the problem, but it 
seems that the atomic hydrogen torch may be the most 
practical, because in this case the rate of heat transfer is 
controlled by the position of the torch. If the flame is 
held too close to the weld-metal, the same undesirable 
boiling which the authors have noted takes place. The 
other way of reducing the heat transfer in H», would 
be to weld in a hydrogen atmosphere at reduced pressure 
This might fit in with the experimental program and 
would be worth while doing. Similarly, a higher rate 
of heat transfer and surface boiling at these same 
currents would be obtained with the common gases, for 
example, No, at some higher pressure In the case of 
Ne pressure of about 100 atmospheres would be re 
quired to duplicate the results of Hy at 1 atmosphere; or 
the comparison of Neat 1 atmosphere might be made with 
H, at a pressure of about | cm. of Hg 


these gases 
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BPreL 1 of BOCENIRICITY on the 





By WILLIAM W. STECKER' 


HE problem of design for welding is a very complex 

one due to the large number of variables which must 

be considered. These variables may be classified 
into two general groups: those affecting the inherent 
properties of the weld-metal and those resulting from 
the shape and arrangement of the joint. In this paper 
it is proposed to study the effect of eccentricity on the 
strength and reliability of fillet-welded joints. 


DESIGN OF SPECIMENS 


Type of Joints 


Five different types of joints were selected from the 
many types available. These joints are commonly used 
in structural work and they show very well the effect 
of symmetry on the strength of the joint. In all of 
these joints the welds were symmetrical with the applica- 
tion of the load. Five additional groups of specimens 
were made similar to these in every respect except that 
the welds were eccentrically located with respect to the 
axis of the plate. 

Figures | to 10 show the dimensions and details of the 
specimens. 

Types A, B, C and D are single-strap lap joints in 


* Thesis prepared in the College of Engineering, Department of Civil 
Engineering, University of California Contribution to the 
Research Division, Welding Research Committee 

t Berkeley, California, May 1938 
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strength ot Welded Joints 


transverse shear. Types —& and F are double-strap la; 
joints in transverse shear. Types G and H are singh 
strap lap joints in longitudinal shear, and types J and . 
are double-strap lap joints in longitudinal shear. 
Base Metal 

Specimens were made of regular structural grade steel] 
All specimens were designed to force failure to tal 
place in the weld. 
Weld- Metal 

Specimens were welded with a °/s inch diameter: 
heavily coated electrode. The properties as reported 
the manufactures are as follows: 


Tensile strength 
Ductility 
Impact 

Density 


75,000 Ib./sq. in. 
25% in 2 inches 

10 foot-pounds Izod 
7.82 grams/cc. 











Figs. 1 tol 
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The welding was done with straight polarity (el on 
trode negative). All welding was done by an experi tri 
enced operator in the shops of the Soule Steel Comp th 
of San Francisco. qu 
T? 
CALCULATION OF STRENGTH OF JOINTS 
Photoelastic studies have shown that the distribut wl 
of stress in a weld is non-uniform. Numerous forn 
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Figs. 5 and 6 
have been proposed based on various assumptions. A 


common assumption is that the stress is uniformly dis 





method of analysis 
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number of the Transactions of the 
G. D. Fish in his book, Are 


tures (see Fig 


has been presented by C. H. Je 
Welding design’’ in the 
1. S.M.! 
Welded Steel 


A Area of throat 

L Length of weld 
R Unit tensile stre 
P Load in pound 
r SA 

P SAL cos 42 

P 0.707 Sh/ 


The load acting on the weld is eccentri 
and a bending moment is set up which causes the plates 
to separate and results in a prying or tearing actior 
the weld. The magnitude of the effect of this action 
depends largely upon the stiffness of the tw plate s and 
is difficult to 
neglected in design 


mathematically It usually 
In the double-lap joint this effect 
is eliminated In a joint of type C the prying 

eliminated, but the joint is still non-symmetrical. It 
should occupy a position somewhat intermediate 


A and B 


express 
action 1S 


betwee! 
types 


Longitudinal Fillet Welds 

Ihe stress in this case is assumed to be a 
distributed shearing stress The same 
using the unit shearing strength in place of the unit 
tensile strength. Again non-symmetrical 
weaker, but the effect is usually 


uniformly 
rmula applies 


pecimens art 


neglected 


Eccentrically Loaded Specimen 
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ECCENTRICITY IN WELDED JOINTS 
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Fig. 11 





Eccentric Side Welds.—A logical assumption to make 
in a case of this type is that the load is equally divided 
between the welds. Strain measurements taken on 
specimens of types // and J indicate that this is approxi 
mately true at the beginning of the loading. 

Table 1 gives the theoretical strength of the joints 
tested, calculated on the assumptions outlined above 
and assuming the tensile strength of the weld-metal at 
75,000 Ib./sq. in. and shearing strength at 60,000 
Ib./sq. in. 


Table 1—Theoretical Strength of Joints 


Ultimate Strength 


Type in Kips 
A 2°26 .6 
B 10.6 
63.2 
D 21.2 
E 53.2 
F 21.2 
G 42.4 
H a1.2 
I 84.8 
J 42.4 


TESTING PROCEDURE 


All tests were performed in the Engineering Materials 
Laboratory of the University of California. The testing 
machine used was a three screw Riehle testing machine 
with a capacity of 300,000 lb. All specimens were 
painted with an inelastic paint to facilitate the observa- 
tion of Luder lines. 


Speed of Testing 

The rate of speed used up to the yield point was 0.05 
inch per minute. In some instances where a definite 
yield occurred, the speed was increased thereafter. 
End Connections 

In order to insure axial application of the load, it was 
decided to load the specimens by means of pin connec- 
tions. The blocks resting on the heads of the testing 
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machine had spherical bearings which afforded free 
of movement in a direction normal to that afforded 
the pins. 


m 


yy 


Strain Measurements 


Strain measurements were taken on one specime: 
each type with a Federal 2'/»-inch strain gage. 


Fig. 13—Typical Failures in End-Welded Specimens 
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Fig. 14—Typical Failures in Side-Welded Specimens 
TEST RESULTS 
Comments on the Behavior of the Specimens 
Figure 13 shows typical methods of failure in 
welded specimens, and Fig. 14 shows typical failur 
side-welded specimens. 
Type A. Failure in this type took place along 
contact plane on the end of the cover plate. Figur 
clearly indicates the extent of the prying action cau 
by separation of the plates. Practically all of the b: 
ing was confined to the main bars just above the w 
Type B. The fracture in these joints started at 
end of the weld nearest the axis of the specimen 
progressed across with a tearing action. Bending 
similar to that in type A was not quite so pronounced 
and in addition there was lateral displacement whic! 's 
well illustrated in Fig. 13. 
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ypes Cand D. The prying effect was eliminated in 
specimens by the welds at the end of the main 

The bending of the main plate was reduced, and 
a sharp bend occurred in the coverplate between the 
welds. Specimen C-1 failed by tearing out a pinhole. 
remaining specimens were reinforced by welding a 

nch bar across the ends and no further trouble of 

; kind was encountered. 

fypes E and F. No bending of the bars occurred in 
hese forms. Lateral movement in the eccentric speci 
meus was much less pronounced probably due to the 
restraining effect of friction between the bars. 

[ypes G and H. Both main bars and coverplates 
bent into a shape very similar to type C. In type H/ the 
one-inch weld broke first and the load fell off to about 
one-half the ultimate, picked up about 3000 lb., and 
gradually fell off again as the three-inch weld was 
twisted off. Specimen G-1, shown in Fig. 13, failed in 
the coverplate. 

Types J and J. The non-symmetrical welds in type 
J acted very similar to those in type 7. No bending 
of the bars occurred in either type. Note the stretching 
of the edge of the plate in specimen I-1, Fig. 14. The 
deformation was about '/s inch in this case. 

General Remarks.—In all non-symmetrical joints bend 
ing started immediately upon application of the load and 
continued until the axis of loading passed through the 
welds. Lateral movement in those specimens having 
non-symmetrical welds did not start until much later 
when the welds were beginning to yield. Definite yield 
points by the drop of beam method were not obtainable 
on most specimens due to unequal bending or slipping 
between the plates. 


Summary of Test Data 


The results of the tests are tabulated in Table 2 
Specimens C-1 and G-1 both failed in the bar and are not 
included in the averages although the load on specimen 
G-1 was above average at the time of failure. 


Table 2—Summary of Test Results 


Average 
Ultimate Ultimate Unit Unit 
Strength Strength Strength Strength 
Specimen Kips Kips K /Lin. In K /Sq. In 
A-] 27 .0 
A-2 23.6 25.2 12.6 11.2 
A.3 250 
B-1 20.3 
B-2 20.0 20.0 10.0 
B-3 18.6 
C-] 50.1 
\-2 48 8 50.6 12 6 41.4 
-3 59.4 
D-] 419 6 
D-2 42.3 12.2 10.6 
D-3 41.7 
E-] 49.5 
E-2 5 1) 51.9 13.0 7 ) 
E-3 bl. 1 
F-] 7.8 
F-2 1 7 5 Q 4 
F-3 37.4 
(-] 39.8 
G-2 37 . 4 8.8 9.7 1.8 
( } 9.3 
H 28 6 
H-2 31.7 30.2 7.6 
H-3 30.2 
83.3 
2 81.9 Rg 8 10.1 7.2 
77.3 
J-1 66.8 
]-2 66.8 64.2 Rg 
J-3 59.1 


ECCENTRICITY IN WELDED JOINTS 


DISCUSSION AND CONCLUSION 


Specimens with Symmetrical Weld 


Comparison of the actual strengths with the design 
values of Table | show that the assumptions and the 
method of calculation are satisfactory for all of these 
specimen groups. The value for the tensile strength was 
that reported by the manufacturer and probably was ob 
tained in a straight tensile test of an all-weld-metal 
specimen. The stress in a fillet weld is assumed as a 
tensile stress, but actually the stress conditions are 
rather complicated, and its ultimate strength is only an 


approximation of the true tensile strength 


Effect of Non-Symmetrical Joints Phere is practically 
no difference between types A and C. Type & shows a 
very slight increase in strength. Type J is about 5° 
stronger than type G, the corresponding single lap joint 
For joints of a similar type tested by the Structural 
Steel Committee of the American Bureau of Welding, 
the joint of type ~ was 35% stronger than type A and 


15% stronger than type C. In the side-welded specimen 
the increase in strength reported was 4°; The above 
figures were for specimens having '/4-inch welds 


Specimens with Non-Symmetrical Weld 


It is obvious that the assumptions used as a basis for 
design of these specimens were not satisfactory. How 
ever, the author has been unable to find any other basis 
for stress calculations for these specimens 


End-Welded Specimens The ultimate strength of 
these specimens is just about double the strength com 
puted by the theory as outlined above \ likely ex 
planation of the failure of this theory to approximate the 
actual stress conditions may lie in the lateral displace 
ment. As the end of the weld nearest the axis is stressed 
more than the other end, it yields earlier and causes the 
specimen to deflect in a direction which will reduce the 
eccentricity of the load on the weld 


Side-Welded Specimens.—Again in this type the as 
sumption of equal distribution between the welds gives 
too low a value. On the other hand, assuming that the 
load is distributed between the welds according to their 
length gives too high a theoretical strength he true 
distribution evidently lies somewhere in between. In 
both types /7 and J the ultimate load is almost exactly 
three times the ultimate strength of the shorter welds 


CONCLUSIONS 


The number of specimens tested was entirely too 
small lo reach any definite conclusions in a problem 
having as many variables as this, tests must be conducted 
with a large number of specimens. However, certain 
inferences may be drawn based on the limited number of 
tests performed 

The assumption of uniform distribution of stress on 
the weld throat gives a satisfactory result in ordinary 


weld design, but the assumption does not hold for cases 
of eccentric loading 

rhe effect of eccentricity of loading is not as serious a 
a strict application of the formula for combination of 
bending and direct stresses would indicate There are 


factors which the theory does not recognize which tend 
to minimize the effect of eccentric loading. Using 
the usual working stress, the minimum factor of safety 


in the joints studied was 3. 
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Summary 


Most of the steels containing molybdenum are alloy 
steels, such as the S. A. E. 4000 Series, in which 0.2 Mo 
is added. The literature on the welding of these steels 
is summarized in separate sections of this and other 
reviews of literature on Welding Alloy Steels. The 
molybdenum steels strictly so-called, generally contain 
up to 1% Mo, the molybdenum being particularly ef- 
fective in raising the strength of low-carbon steel at ele- 
vated temperature. The first sections of the present 
review deal with the welding of these carbon-molyb- 
denum steels. 


MOLYBDENUM IN STEEL 


Molybdenum has a pronounced influence in refining 
the cast structure of steel. Substantially pure iron dis- 
solves up to about 7% Mo, and the resulting solid solu 
tion appears to be retained at room temperature. Higher 
proportions of Mo form the hard compound Fes;Moy». 


t Secretary, Welding Research Committee 
t Research Assistant, Welding Research Committee, 


The critical points of steel on heating are raised by 
molybdenum. The critical points of a molybdenum steel 
on cooling depend upon the maximum temperature from 
which the steel is cooled as well as on the rate of cooling 
Molybdenum has a great effect in slowing down the 
rate of transformation of austenite, if the molybdenum 
is in solid solution. 

Molybdenum steels have higher strength than plain 
carbon steels of the same carbon content at elevated 
temperature. The molybdenum steels also seem to pre 
serve a higher degree of stiffness at higher temperatures 
than plain carbon steels. 


WELDING CARBON-MOLYBDENUM STEELS 


Mechanical Properties 

Process approval tests for the Navy require preheati: 
the welds to 300° F., stress relieving 4 hours at 1200 
and slow cooling after welding (C 0.30 max., Mn 0S 
max., Mo 0.40 to 0.80). Welds have tensile strengths of 
75,000 Ib./in*. Weld metal and welds in this type ol 
steel at 450° C. have better creep resistance than the 
base metal. 

Butt welds in a machined plate of acid open-heart 
steel '/, inch thick containing 0.16 C, 0.68 Mn, 0.06 Si 
0.15 Ni, 0.25 Mo after heating at 650° C. for 2 o1 
hr. and furnace cooled have practically the same tensil 
strength, elongation and impact value as the parent metal 

Short-time creep tests (50 hr., 500° C.) on oxyacetyle: 
and shielded are butt welds in steels 0.63 to 0.91 inc! 
thick containing 0.11—0.14 C, 0.16—0.24 Si, 0.47—) 


Mn, 0.18-0.19 Cu, 0.35-0.48S Mo. give better values 


for welds made with austenitic steel filler rods tha 
base metal. 
Recovery 


From the standpoint of recovery, molybdenum is t 
easiest element to control in covered electrodes. 


one investigation the recovery of molybdenum from 4 


waterglass coating containing ferromanganese, grap! 
and ferromolybdenum was 76 to 100%. The percentag* 
recovered decreased as the molybdenum content oi t 
coating increased. 


Forge Welding 
Molybdenum and phosphorus are the only two « 


mon elements that do not interfere with the forge weld 
of steel. 





—_— 









ermit Welding 


Satisfactory thermit welds can be made in C-Mo steel 


1 
iS 


\tomic Hydrogen Welding 
[ron alloys with up to 22% Mo may be welded suc- 
cessfully by means of the atomic hydrogen process with- 
ut flux. 


Resistance Welding 


Flash welded 0.15 C, 0.78 Mn, 0.30 Mo, 0.23 Cu 
superheater tubes gave higher tensile strength and 
juctility than flash welded plain carbon steel. 

Butt joints made by flash welding in carbon-molyb- 
denum steel superheater tubing behaved satisfactorily 

tension, bend and rolling-in tests 


Flame Cutting 
Pure molybdenum does not cut so rapidly as iron. One 


y investigator states that 5.5°% Mo added to a steel con 





taining 8 W, 1.4 Cr, 1 C rendered the steel uncutable by 
the oxyacetylene cutting torch 


WELDING MANGANESE-MOLYBDENUM STEELS 


In welding, molybdenum has little effect on hardness 
In steels (C 0.17, Mn 1.57, Mo 0.38) and (C 0.12, Mn 
1.00, Mo 0.49) the welds had higher static strength than 
base metal, but lower ductility and impact tensile value 
Stress relieving was advantageous. The Committee on 
Low-Alloy Steels classed steels with 0.15—0.22 C, 0.88 
1.59 Mn, 0.09-0.44 Si, 0.22-0.34 Mo as moderately air 
hardening 


WELDING NICKEL-CHROMIUM-MOLYBDENUM STEELS 


All-weld-metal containing 1 Ni, 0.75 Mo, 0.25 Cr de- 
posited in a Cromansil plate | inch thick, according to one 
investigator, had a yield strength of 72,000 Ib. /in 
strength 88,000 Ib./in.*, 24% 
38°, elongation in free-bend test 


, tensile 


elongation in 2 inches, 


Welding Molybdenum Steels 


d INTRODUCTION 


2 
'S OST of the steels containing molybdenum are alloy 
steels, such as the S. A. E. 4000 Series, in which 0.2 


Mo is added. The literature on the welding of 
these steels is summarized in separate sections of this and 
other reviews of literature on Welding Alloy Steels. The 
molybdenum steels strictly so-called, generally contain 
up to 1% Mo, the molybdenum being particularly ef 
fective in raising the strength of low-carbon steel at 
elevated temperature. The first sections of the present 
review deal with the welding of these carbon-molyb 
denum steels. 


MOLYBDENUM IN STEEL 


Che effects of molybdenum in steel are stated in g 
<letail in the Alloys of Iron and Molybdenum, by J. L 
Gregg (McGraw-Hill Book Co., 1932) and in Metals 
Handbook (1936 Edition, pp. 405-410). Molybdenum 
i] in the amounts usually added plays no important part 
1 steel furnace reactions. Added as calcium molybdate 
1 the furnace, the recovery of molybdenum in the steel 
q is 90%. Yet pure molybdenum, like tungsten is readily 
es oxidized although less readily than iron. In air at 650° C 
volatile molybdenum oxide (MoQs3) is formed. During 
the forging of high-molybdenum steels (over 1° Mo 
gray fumes of the oxide may be formed, unless the sur 
lace is protected by borax or other agents. Molybdenum 
sulfide (MoS,) is formed only in high-molybdenum al 
loys. At 800° C. molybdenum reacts with carbon to 
torm MosC; the carbide in molybdenum steel may be 
FesMosC or similar compound. The density of molyb 
denum (10) is only half that of tungsten. 

Molybdenum has a pronounced influence in refining 
the cast structure of steel. Substantially pure iron dis 
solves up to about 7°% Mo, and the resulting solid solu 
lion appears to be retained at room temperature. Higher 


proportions of Mo form the hard compound Fe;Moz 
Che critical points of steel on heating are raised by 
The critical points of a molybdenum steel 
cooling depend upon the maximum temperature 


molybdenum. 
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from which the steel is cooled as well as the rate of 
cooling. Molybdenum has a great effect in slowing down 
the rate of transformation of austenite, if the molyb 
denum is in solid solution. It is believed that high 


solution of 
] +7 } 
iowering or thie 
‘Ht ( 


temperatures (900° C.) are required for 
molybdenum because the maximum 
critical points is secured only by cooling from 
Besides the deep hardening and air 
characteristics of molybdenum 
tributed the unusual, striated fi 


or so hardening 
which is at 


rm ot the 


steels, t 


pearlite in 


these steels, they have higher strength thar plain carbon 
steels of the same carbon content at elevated tempera 
ture. The molybdenum steels also seem to preserve 
elasticity at higher temperatures than plain carbon 
steels All these factors mav have a beari gy ol the 
necessity for special treatment (preheating and stress 
relieving) of some carbon- and allov-molybdenum steels 
during welding under unfavorabl ition Molyb 
denum is perhaps the only element that t i large ex 
tent eliminates temper brittleness in otherwise temper 
brittle steels, such as steels containing O tt. 2 Ni 
Cr Like other alloying elements, molybdenum 
lowers the electric and thermal steel, 
5°, Mo increasing the electric resistivity of iron 100° 
WELDING CARBON-MOLYBDENUM STEELS 
Mechanical Propertie 
In describing the process approval tests for C-M eel 
of the Navy Bureau of Engineering, Stewart! stat 1e 
mechanical properties that are required of | V butt 
welds in plate , inch thick, Tabk with inch spa 


ing and a backing strip. The preheating temperature is at 


least 150° C. (800° F.), and the weld must be held 4 hr 
at 590-650" C. (1100-1200° F.) and slowly cooled in the 
furnace to below 375” C. (700° |] ifter welding Ihe 
test results quoted in Table 1 were obtained from welds 
in plates 12 x 12 x 1 inch (no detail Che welds were 
stress relieved 4 hr. at 650° (¢ Che molybdenum con 
tent of the weld-metal was below specifications and the 


Table 1—Mechanical Properties Required of and Obtained from Arc-Welded C-Mo Steel. Stewart!” 


Requirements 

Yield Tensile Elongation, Reduction Col 
Composition Strength, Strength, Q% of Area, Ber 

Cc Mn Si , S Mo Lb./In.2. Lb./In.? in 2 In. q I 

Forged base metal 0.30 0.80 0.15 0.040 0.040 0.40 45,000 70,000 30 35 180 
max max. 0.30 max max. 0.60 diar 

ot 

All-weld-metal 0.040 0.045 0.40 40,000 65,000 20 
max max. 0.60 min min 


All-weld-metal specimen was '/, inch diameter, 2!/, inches parallel section 


Bend elongation on butt-welded specimen (weld removed flush, ° 
of the joint (1!/, inches wide, 6 inches parallel section) must be at I 


; x 1'/s inches) must be at least 30% 


The strength of a spe 
-ast 65,000 Ib. /in.? 


Test Results 


Composition 
Cc Mn Si 4 S Mo 
Cast steel 0.31 0.56 0.25 0.49 
All-weld-metal 0.08 0.60 0.14 0.004 0.025 0.32* 


Butt weld (consisting of the above plate and weld-metal) 
* Less than 0.02 Cr 


Proportional Yield Tensile Elongation, Reduc Brin 
Limit, Strength, Strength, % in tion of Hard 
Lb./In.? Lb./In.? Lb./In.? 2 In Area, % n¢ 
54,000 59,250 86,600 21.8 36.7 152 
51,250 68,500 31.5 62.4 144 
75,600 15.3 12.1 


Table 2—Materials Used by Detroit Edison Company and University of Michigan“ 


Element Tube Metal Weld Electroc 
Carbon 0.14 0.11 0.10 to 0 
Molybdenum 0.50 0.00 
Manganese 0.50 0.48 
Silicon 0.18 0.15 
Sulphur 0.022 0.022 
Phosphorus 0.014 0.022 


carbon content of the plate was just above specifica 
tions, but in other respects the welds were acceptable. 
Time-extension curves on specimens '/» inch diameter, 2- 
inch gage length at 450° C. (850° F.) are shown in Fig. 1. 
The creep specimens were taken from the welded test 
plate described in Table 1. At 1000 hr. and 450° C., 
unwelded base metal had an extension of 0.0013 inch per 
inch at 25,000 Ib./in.* and 0.0003 inch per inch at 
20,000 Ib./in.* Figure 1 shows that the butt weld and 
all-weld-metal were more resistant to creep than un- 
welded base metal at 450° C. The temporary increase 
in creep rate of the all-weld-metal specimen at 25,000 
lb./in.* was not explained. Although Stewart recom 
mends preheating to at least 150° C., N. L. Mochel 
(private communication, August 1938) has found it de- 
sirable in some circumstances to preheat to higher 
temperatures up to 510° C. (950° F.). 
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Fig. l1—Creep Tests of C-Mo Weld-Metal and Weld at Tensile Stresses of 
20,000, 25,000 and 35,000 Lb./In.? Stewart’ 
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Weld Made with Electrodes 


B 
le Weld Electrode Weld Electrode 
15 0.11 0.07 0.11 0.12 
0.38 0.42 0.49 0.48 
0.47 0.34 0.52 0.64 
0.24 0.15 0.08 0.08 
0.013 0.014 0.035 
0.016 0.026 0.0385 


An investigation consisting of static and impact 
tensile and charpy notch-impact tests at room tempera 
ture, and of extended time tensile tests at 500° C 
(925° F.) has been carried out by the Detroit Ediso: 
Company and University of Michigan® on experimental 
butt welds in seamless tubing 6°/s inches O.D., 
inch wall thickness, Table 2. The tubing was heat: 
| hr. at 840° C. (1550° F.) and cooled in furnace befor 
welding. Circumferential U-shaped joints were mad 
without preheating and were stress relieved 1 hr. at 
600° C. (1100° F.). Static tension specimens were 0.50 
inch diameter, 2'/, inches parallel section. Impact 


tension specimens were 0.250 inch diameter, 1'/, inches 


parallel section. In both specimens the butt weld was 
in the center of the parallel section. The static tensi 
stress-strain curves were obtained with a mirror ext: 
someter sensitive to 2.8 millionths of an inch per inc! 
The extended time tests consisted in applying a constan| 
load and recording the time elapsed before fractur 
The results are summarized in Table 3. 

The static strength of the welds was higher than t! 
of unwelded base metal at room temperature, but thi 
elongation was lower. The differences among the we! 
were insignificant. Despite defects in some of 
welds fracture always occurred outside. There wa 
little difference among the welds at 500° C. in the sh 
time tensile tests, except that weld A fractured in | 
weld. Faulty welding accounted for one of the wel 
made with electrode C fracturing in the junction betw 
weld and base metal. Although the Charpy tests fai! 
to differentiate among the welds and indicated that 
welds had greater notch-impact value than base met 
the impact tensile tests showed that, with the s 
included in the specimen, the welds had lower impa 
tensile value than base metal, and that weld A was su} 
rior to B and C. The latter failed at the scarf, wher: 
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Pipe Annealed at 840° C. 
Welds Stress Relieved at 600°C. Averages of Two Specimens 
Proportional Tensile Elongation Reduct 
Limit, Yield Strength, Lb./In.? Strength, % in 2 f Area Location of 
imen Lb./In.? 0.1% Offset 0.2% Offset Lb./In.? Inches q act 
STATIC TENSILE TESTS AT ROOM TEMPERATURI 
ided bas¢ 
al 17,500 29 500 1) 200 55.400 ) e 
{ 30,000 38,800 38,800 60,800 24 weld 
B 31,300 40 000 41 000 60.100 19.5 we 
t 26,300 36,300 37,800 60,100 9 5 ) A 
STATIC TENSILE Tests at 500° C. (925° J A.S. T. M. Srp. E 21-34 
{ 10,000 26,000 27 800 $1,800 24 
iB 15,000 28, 900 32,400 19 800 19 Q = 
1 ¢ 16,500 29, 000 32,000 1) SOO 14 
1 Ct 15,000 29,500 32,000 $8,500 
Satisfactory weld 
Defects visible in weld 
Impact Tests AT RooM TEMPERATURI 
Tensile Impact Test 
Impact Elongation Reduction : 
Spec Strength, in 1'/, In of Area t 
Material No Ft.-Lb Per Cent Per Cent R irk 
welded base metal ] 115 34.4 63.3 . 
2 148'/» 13.8 66.5 } 
Avg 132 39.1 64.9 AY 
1A 2 97 24.0 60.3 
3 117! 28.7 69.6 - { 
Avg 107 26.3 65.0 Avs ; 
Weld B 4 3Y 9.4 50.4 Broke at flaw 
7 45 1. 6.9 f . 
Avg 42 10.3 5.7 Av 12 
Weld l 65 16.3 ) Large flaw] 19 
14 107 24.4 } S 
Avg RH 20.3 Q } 
gh' j 
t Did not break at large external flaw. A smaller internal flaw was visible in the fra 
weld A failed in the center of the weld in the impact The effect of preheating to 210 to 320° ¢ 100 to 
tensile tests. 600° F.) on welding carbon-molybdenum steel (0.15 C, 
[able 4 summarizes the results of the extended-time 0.50 Mo, 0.53 Mn) with a carbon-molvbdenum ele« 
fracture tests at 500° C. under constant stress rhe trode according to Rohrig,® is in general slightly to de 


results were picked from a logarithmic plot of elapsed 
time to fracture versus stress, which has been found to 
a straight line. Since the material possessing the 
greater stress for a given fracture time will also exhibit 
the greater creep resistance and load-carrying ability, 
weld A is inferior to B and C. At an elapsed time of 
7.12 hr., weld A fractured with only 18% elongation 
2 inches. Welds B and C did not exhibit decreased 
ductility as the time for fracture was increased except 
when fracture occurred in the weld junction (weld C). 


pe 


Table 4—Extended-Time Fracture Tests‘* of Butt-Welded 
Carbon-Molybdenum Steel Pipe Using Three Different 
Electrodes (see Table 2 


Short Time 


rensile rensile Stress, Lb./In.*, for Designated 
Strength, Fracture Time, Hr 
specimen Lb./In.? 0.10 1.0 10.0 20.0 
Weld A 41,800 39,500 36,500 34,000 33,200 
Weld B 49,800 49,800 49,500 49, 20K 48,900 
Weld C 19.500 49 400 49,300 18,500 17.900 


Summarizing the results of the Detroit Edison Com 
pany — University of Michigan investigation, it is seen 
that the welds made with three different types of elec 
trodes were equivalent in static short time tensile 

Weld 
possessed better impact tensile value, but lower ex 
nded-time fracture strength than welds B and C. 


trength and Charpy value at room temperature. 
A 


f 


- 
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ble 3—Static Tensile and Impact Tests“ of Arc-Welded Carbon-Molybdenum Steel Pipe 
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of the joint, Table 
metal was 64 to 74 B Rockwell 
In no specimen was the hardness above 


crease the hardness 
base 


Unaffected 


238 Brinell, 


which was observed in the weld-metal of the unpre 
heated single-bead specimen he microstructures of 
weld metal, heat-affected zone and base metal were al 


most identical at corresponding points in the single-bead 
specimens, the principal difference being that the sorbitic 
structure of the weld-metal in the preheat« 
tained more ferrite than the weld met 
that was not preheated 
zone in thé butt welds 


d section con 
al of the specimer 
The weld metal was the hard 


The change in hardness fre 


m 


Table 5—Hardness of Arc-Welded Carbon-Molybdenum 


Steel Pipe. Rohrig‘ 
Stress Relieved 
90 Min. at 600° ¢ Maximum Rockw 
Preheated Single Bead Welds* B Hardne 
No No A S| ) 
No Ve 
Yes No 
ve Vi ' 
Multi-Layer Butt Welds in Pipe I Wa kn 
No Ve . 
Yes Ve 
Multi-Layer Butt Welds in Pip¢« I I k 
No “) 
Yes ) 
* Single bead deposited on surfac« und thick 
ness of pipe not stated 








Table 6—Mechanical Properties of Arc-Welded 


Yield Strength, Tensile Strength, Elongation, % in Reduction of Maximum Brin 
Lb./In.? Lb./In.? 2 Inches Area, % Hardness st 
lime of All- All- All- All Heat { 
lrreatment Base Weld Base Weld- Base Weld- Base Weld Affected Ba 
at 650° C Metal Metal Metal Metal Metal Metal Metal Metal Weld Zone M 
2 hr 35,250 40,600 60,200 58,500 35.5 35.0 60 59 109 118 
36 hr 33,000 41,500 58,250 58.150 38.0 31.5 66 70 109 121 
Charpy Impact Value, Ft.-Lb. 
+21° C. me Mare 46°C 
Time of Heat Heat- Heat W 
Treatment Affected Base Affected Base Affected 
at 650° C Weld Zone Metal Weld Zone Metal Weld Zone Met 
2 hr 37.5 47.5 35.0 36 15.7 1.7 30.8 28.0 2 T. 
36 hr. 37.4 53.3 33.0 34.8 38.3 2.6 30.5 30.7 2 
base metal to weld-metal was abrupt in the fusion Short time creep tests (50 hr., 500° C.) were made by 
zone. The weld metal of the preheated specimens was Schottky and Ruttmann® on butt welds in steels 0.63 t 
pearlitic, whereas the weld-metal of the specimens not 0.91 inch thick containing 0.11-0.14 C, 0.16-0.24 Si, 
preheated was sorbitic. In the specimens 1!/s inches 0.4/—0.99 Mn, 0.18—0.19 Cu, 0.35-0.48 Mo. The welds re 
thick the maximum hardness of the weld that was not were made by the oxyacetylene process or with covered 
preheated was found in the first bead. In the preheated electrodes. The filler rods contained 18 Cr, 8 Ni or ‘. 
weld the maximum hardness was in the top bead. Wid- 25 Cr, 20 Ni, or were alloyed with fractional percentages ty 
mannstatten structure was absent in all specimens. of Mn or Mo, and the strains were measured on a gag 
Butt welds in a machined plate of acid open-hearth length of 4 inches over the weld and heat-affected zon 
steel !/, inch thick containing 0.16 C, 0.68 Mn, 0.06 Si, In nearly all instances the austenitic welds, which wer ~ 
0.15 Ni, 0.25 Mo were tested by Hopkins,* Table 6. The not heat-treated, had higher short time creep strength P 
tensile specimens were 0.505 inch diameter. All speci- than unwelded base metal. The unheat-treated low-alloy 7” 
mens were heated 2 or 36 hr. at 650° C. and furnace _ steel welds also had higher short time creep strength tha: 
cooled. The welds were made with covered electrodes, unwelded base metal. Heating '/2 hr. at 920 to 930° C : 
$/1, inch diameter, 450 amps., of the same composition as had no effect, but heating 500 hr. at 500° C. lowered th: ys 
base metal. The weld-metal contained 0.08 C, 0.60 Mn, short time creep strength below base metal. Inadequat: I 
0.025 Si, 0.05 Ni, 0.25 Mo. Microscopic examination re- penetration also resulted in low short time creep strengt! ) 
vealed that the plate was coarse grained whereas the for welds. Q 
heat-affected zone and weld-metal were fine grained. Breathing tests were carried out by Moore’ on a welded fe 
Hopkins concluded that the inadequate low-temperature drum with tube holes drilled through, or at the edge o/ - 
notch-impact value of the plate was related to its coarse the welds, Table 8. The drum was 42 inches insid ss 
structure, which was thought to reflect the method of diameter, 1*/z inches wall thickness, the plate bein; d 
manufacture. The C-Mo weld-metal had good tensile A.S.T.M.—A 150-35 T, Grade B. The holes wer 
and Charpy impact value in the heat-treated condition. 2'/ to 4'/ inches diameter, 36 holes being through 
No results were given for as-welded specimens. at the edge of welds. The remaining 171 holes wer 
The effect of welding speed on the maximum hardness_ drilled through plate. Tubes were expanded into th 
of the heat-affected zone beneath a single bead (9 inches holes by rolling. The welds were of U type and wer 7 
long) of a bare electrode °/3 inch diameter deposited made with covered electrodes. A reduced section speci 
automatically (A.C., 23 volts, 375 amps.) on the un- men (Fig. P 2, A.S. M.E. Power Boiler Code) had a ‘ 
machined surface of 9 x 2 x '/, inch pieces of C-Mo _ strength of 78,500 Ib./in.* A bend specimen */, inc! 
steel was determined by Theisinger,* Table 7. The in- thick, 3 inches radius of bend, cracked at 110° with 2 
creases in hardness are rather small; consequently elongation in the outer fibers. A hydrostatic pressuré 
Theisinger concluded that molybdenum ‘“‘places no diffi- of 580 Ib./in.? (21,000 Ib./in.* tensile stress in fibers 
culties in the way of welding.” was applied to the drum 15 times a minute for 40 days 
There were no cracks after the test. 
The maximum hardness of the heat-affected zone 
Table 7—Maximum Vickers Hardness in the Heat-Affected vt : stad tor Maneh? : : te 208 Brinell. ‘The weld vad no 
Zone of Surface Welded C-Mo Steels. Theisinger‘ heat treated. Base metal was 170 to 175 Brinell, weld 
; , Welding Speed metal was 204 Brinell, maximum. The electrodes wet 
Con si Mo maggted @ Inches 12 Tuches of such composition that they deposited steel containing 
0.25 0.85 0.18 0.24 180 210 O55 approximately 0.12 C, 0.08 Si, 0.64 Mn, 0.48 Mo 
0.15 0.78 0.17 0.48 180 905 240) than 0.035 P and S. 
According to E. C. Chapman,’ 0.5°% Mo increases t] 
] 
Table 8—Welds Tested by Moore‘ 
Yield Strength, Tensile Strength, Elongation, Reduct I { 
te Mn Si Mo Lb./In.? Lb./In.? % in 2 Inches Area 
Base metal 0.26 0.84 0.19 a 43,100 72,800 26.5 
All-weld-metal 0.09 0.33 0.04 0.20* 56,000 to 63,500 73,000 to 78,000 17 to 21 26.8 to 
* 0.031% nitrogen. 
( 
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1/,% Mo Steel. Hopkins’ 












ile strength of stress-relieved, plain carbon weld 

tal by 8000 Ib./in.* (no details). Without supplying 
ietails, Tofaute and Ruttmann® stated that the creep 
strength of welded C-Mo, Cu-Mo and Cr-Mo boiler 
te at 500° C. using several welding processes did not 
er as much as + 10% from unwelded base metal. 


ery 


Phe only published record of recovery of molybdenum 
m a bare welding rod is supplied by Keel,” Table 9, 
who used oxyacetylene welding. In comparison with the 


Table 9—Recovery of Molybdenum in Oxyacetylene Welding. 


eel! 
Cc Si Mn Cu Mo 
Rod 0.06 0.12 O.85 0.35 0.11 
Weld metal 0.06 0.02 0.53 0.20 0.09 


other elements in the rod, the recovery of molybdenum 
was highest, with the exception of carbon, whose re 
covery is known to depend on mixture ratio. According 
to Air Reduction Sales Co. (private communication, Octo 
ber 1938), there have been instances of complete recovery 
of molybdenum in oxyacetylene welding with a bare rod 
containing 0.50 Mo. 

From the standpoint of recovery, molybdenum is the 
easiest element to control in covered electrodes, accord 
ing to Chapman® and Harris.'' Holmberg’ stated that 
up to 1% Mo has been introduced into weld-metal from 
coatings. Using methods described in earlier reviews 
see review of literature on Welding Nickel Steels 
THE WELDING JOURNAL, 17 (5) 1-17, May 1938, Table 
24), Losana and Jarach,'* Table 10, found that recovery 
of molybdenum from a waterglass coating containing 
ferromanganese, graphite and ferromolybdenum was 
76 to 100%. The percentage recovered decreased as the 
molybdenum content of the coating increased. Molyb- 
denum slightly increased the recovery of carbon. Manga- 
nese had no effect, Losana and Jarach concluded 


Table 10—Recovery of Molybdenum from Coated Mild Steel 


Electrodes. Losana and Jarach!® 
[Mo] 
3 No. (Mn) Si) (C) (Mo) (Mo)! [Mn] [C [Mo] (Mo)! 
] 0.84 2.10 2.40 6.25 2.5 0.038 0.07 1.98 0.79 
2 0.80 2.038 3.51 10.62 2 0.04 0.12 3.48 0.82 
ré 4 0.76 2.08 2.39 16.80 6.7 0.06 0.21 5.11 0.76 
5 } 7.62 2.21 2.46 9.40 2.1 0.42 0.15 2.35 1+ 
5 7.40 2.39 2 32 fa. ae BO. 66.1 § 52) «0.90 
6 6.90 2.08 2.26 15.96 6.4 0.58 0.25 5.25 0.82 
7 15.2 a ir) 498 2.0 tL.20o 6 66.28 23.33 1+ 
8 14.6 207 2.54 8.98 3.6 1.32 0.49 8.19 O.89 
9 138.9 1.98 2.60 14.80 5.9 1.60 0.61 147 0.76 


) Weight % constituent in coating 
Weight % constituent in deposit 
Mo)! Percentage of Mo in electrode calculated on basis of cor« 
rod of electrode 
g [Mo]/(Mo)! Approximate recovery of Mo 
rhe ferromolybdenum contained 49.70 Mo, 0.36 
0.64 C, 0.0386 P, 0.024 S 


Mn, 0.62 Si, 


Pick Up 
A spark spectrographic method was used by Coombs'‘ 
to determine the pick up of molybdenum by weld-metal 
deposited from covered unalloyed electrodes (0.13 to 
U.18 C, reversed polarity) in a 60° V butt weld in plates 
2 inch thick containing 0.15 C, 0.78 Mn, 0.17 Si, 0.48 
Mo. Two welds were studied, Figs. 2 and 3. A series 
of intersecting grooves (10 to the inch) was milled on the 
cross section of the weld and base metal. The spark was 
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Fig. 2—Spectrographic Determination of Molybdenum Pick Up in Are 


Welds Coombs Base Metal Inch Thick, 0.15 C, 0.78 Mn, 0.17 Si, 
0.48 Mo 60° V, 3 Layers, 1 Seal Bead, No Separation, 190 Amps., 30 Volts 
Reversed Polarity 
excited at the tops of these intersecting grooves The 
internal standard method with densitometer was used, 
the spark lines being in the region 2800 to 3200 A \ set 
of 12 molybdenum steels containing 0.03 to 0.65 Mo, 


with, unfortunately, 0.2 V used 
[The accuracy was estimated to be 5' 
Mo; greater accuracy was claimed 

The results showed that the 
the weld metal was different in each layer depending upon 
the ratio of metal from electrode to metal melted from 


was lor comparison 


down to 0.15% 


at lower percentages 
molybdenum content of 


the plates and preceding beads. The approximate molyb 
denum contents were 

First layer 0.28 Mo 

Second layer O.17 Me 

Third layer 0.14 Mo 

Fourth layer 0.10 Mo 

Seal head 0.23 Me 


distributed 


was no diffusion o1 


In each layer the molybdenum is uniformly 
except close to the fusion line Chere 
displacement of molybdenum in the plates beyond the 


fusion line. Brand was successful in detecting Mo in a 
steel weld by means of a spectrograph using lines 
3798.3, 3864.1 and 3902.9 A 

In contrast with Coombs Smart and 


results, Blask 
Decker*® found that there lybde 
weld-metal in multi-layer butt welds in 
denum piping made by unalloyed co’ 


num in the 
molyb 


ered ele trodes 


was no Iti 


carbo! 


Forge Weiding 
Molybdenum and phosphorus, according t 
are the only two common elements that do not 
with the forge welding of steel Burgess and 
1909) had no difficulty forge welding iro 
Mo, 2 Si. Martin 
drums are usually 


pe ller, *' 
interiere 


Aston 


containing 10 
5’ stated that water gas-welded boile 
made of ’ 


steel containing 0.1 to 0.5 











Fig. yt ee = Determination of Molybdenum Pick Up in Are 
Welds. oombs Same Base Metal as Fig. 2, but 4 Layers, | Seal 
Reversed Polarity, 60° V 


Bead, No Separation, 130 Amps., 


28 Volts 
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Table 11—Mechanical Properties of Water Gas-Welded C-Mo Steel. Promper and Pohl” 


Tempera 


ture, Yield Strength, Tensile Strength, Elongation, Notch Impact Va 

Degrees Lb./In.? Lb./In.? % in 8 Inches Mkg./Cm.? 

Cent Unwelded* Welded Unwelded* Welded Unwelded* Welded Unwelded Welded 
2) 41,500 43,000 61,500 54,500 25.5 7.9 21.9 14 
500 31,400 29, 000 46,500 39,800 25.5 6.0 18.1 12 


* Unwelded plate for tests was only 0.91 inch thick. Results are averages of three tests each 


Mo, which agrees with Pohl’s” statement that molyb 
denum is beneficial in the water gas welding of steel. 
Automatic water gas welds were made by Proémper 
and Pohl” in steel 1.26 inches thick containing 0.15 C, 
0.00 Si, 0.50 Mn, 0.020 P, 0.017 S, 0.34 Mo. The axis 
of the unwelded tensile specimens was in the direction 
of rolling. The welded tensile specimens were straight- 
ened at a red heat and normalized (no details). The 
notch impact specimens were 1.18 x plate thickness x 
6.3 inches long. The diameter of the notch was 0.16 
inch. The notch was placed in the weld. The welded 
plates for the notch-impact specimens were not straight- 
ened, but were normalized. The high temperature tensile 
tests were made ina mixture of | part calcium nitrate and 
| part sodium nitrate at a speed of 70 Ib./in.* per second. 
The results in Table 11 show that the normalized water 
gas welds had considerably lower mechanical properties 
than the unwelded steel. Some of the welded tensile 
specimens broke in the weld (no details). The micro- 
structure of the as-welded specimens revealed a good 
junction and uniform pearlite distribution, but the welded 
area of the normalized welds appeared decarburized. 


Thermit Welding 
According to Deppeler,*' satisfactory thermit welds can 
be made in C-Mo steel rails (no details). 


Atomic Hydrogen Welding 

Warner” successfully welded iron alloys with up to 
22% Mo by means of the atomic hydrogen process with 
out flux. 


Resistance Welding 

The best machine settings for flash welding superheater 
tubes 1.18 inches O.D., 0.12-inch wall containing 0.15 
C, 0.78 Mn, 0.16 Si, 0.30 Mo, 0.23 Cu, 0.027 P, 0.024 S, 
were found’ by Czternasty** to be somewhat different 
from those for plain carbon steel. Using the best ma- 
chine setting, Czternasty found that tensile strength 
and ductility were higher than for the flash-welded plain 
carbon steel, Table 12. The bend tests were made with 
grooved rollers (3.5 inches diameter at base of groove) 
and grooved plunger (twice the tube diameter). The 
specimen was 12 inches long, filled with lead to prevent 
buckling and placed on the rollers, the open distance be- 
tween which was 5.times the tube diameter. The tensile 
specimens were 12 inches long, had plugged ends, were 
not machined and fractured outside the weld in most 


Table 12—Mechanical Properties of Flash-Welded Super- 
heater Tubes. Czternasty”® 


Yield Strength, Tensile Strength, Bend Angle, 
Lb./In.* Lb./In.* Degrees 
As- Normal As- Normal- As- Normal- 

Steel Welded ized Welded ized* Welded ized* 
Plain 

Carbont 44,000 65,000 157 
C-Mo Steel 47,000 40,300 71,500 71,000 180 180 

* Normalized at 900° C. 

t 0.19 C, 0.62 Mn, 0.21 Si, 0.025 P, 0.02 S. 
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instances. The results in Table 12 are averages of 3 to 5 
specimens, all of which had practically the same proper 
ties. 

Whereas the microstructure of the welds made with the 
best machine setting was uniform, all impurities being 
eliminated by the high upset pressure, the welds mack 
with the upset pressure (2100 Ib./in.*) suitable for plain 
carbon tubing had a broad decarburized zone with 
inclusions at the weld, which caused low-bend ductility. 
such as 40”. To be sure, there was a slightly decarburized 
zone in the best welds. The typical Widmannstatten 
structure of overheated C-Mo steel was present in th 
unheat-treated welds but not in the normalized welds 

Creep tests made in accordance with German stand 
ards (VDE) on flash welds made with the procedure suit 
able for plain carbon steels revealed a creep strength 

10 x 10-*% elongation per hr. between the 25th and 
35th hour) of 17,100 Ib./in.? for unwelded base metal 
and 15,700 Ib./in.* for welds, whether or not normalized 
The steel in the creep tests contained 0.17 C, 0.80 Mn, 
0.19 Si, 0.30 Mo, 0.25 Cu. It should be mentioned that 
Czternasty referred to his steel as a molybdenum-cop 
per steel. 

Butt joints made by flash welding in carbon-molyb 
denum steel superheater tubing behaved satisfactorily 
in tension, bend and rolling-in tests, according to 
Schottky.** 


Flame Cutting 


Pure molybdenum does not cut so rapidly as ir 
Wiss* found. He stated that 5.5°% Mo added to a steel 
containing 8 W, 1.4 Cr, 1 C rendered the steel uncutabk 
by the oxyacetylene cutting torch. The last statement is 
believed to be incorrect (private communication from 
Air Reduction Sales Co., October 1938). 


General Observations 


As a general rule, Holmberg!’ stated, molybdenum in 
creases the creep strength and inhibits grain growth oi 
weld-metal. Dobson and Taylor™ confirmed Holmberg’s 
second statement, adding that in low-carbon steel 
molybdenum causes ‘‘a certain amount of grain refin« 
ment in the as-welded condition.’’ Chapman® believed 
that molybdenum has a beneficial effect on the welding 
arc. Three-layer V butt welds in nickel steel (3'/: Ni 
0.30-0.40 C, '/2 inch thick) made with */;, and 5/39 inch 
commercial covered electrodes with 0.50 Mo had t! 
same strength as welds made with similar 3'/.° 
electrodes, in Warner’s” tests. The 0.5 Mo electr 
deposited sounder weld-metal. The high strength of t 
weld-metal deposited by the 0.5 Mo electrode was 
tributed to pick up of nickel from base metal. Warn 
did not observe that molybdenum exerted any effect 
the covered electrode arc. 

The tentative A. S. T. M. standard A 206-37 T app! 
to seamless piping containing 0.10—0.20 C, 0.30—0.60 M 
0.10—0.50 Si, 0.45-0.65 Mo. Welding of defects in th 
pipes is permitted only when the depth of the defect d 
not exceed '/; the nominal wall thickness, nor is lon; 
than 25% of the nominal pipe diameter. Chipping : 
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Fig.¥4—Gouge Plate Used by U. S. Navy for Process Approval Tests in 
Welding Cast C-Mo Steel and Similar Steels for High Temperature Ser- 
vice. The Gouge, Which Is Prepared with Tools Identical with Those 
Used in Preparing Castings for Repair Welding, Simulates a Repair to 
Be Made by Welding and the Test Reveals Whether the Welding Practice 
Is Satisfactory for Finishing a Weld. Porosity or Lack of Fusion Is 
Detected by Splitting Along B-B. The Welded Plate May Be Machined 
to Tension, Bend and Charpy Specimens Under Some Circumstances. 
The Width of the Scarf Shall Be Sufficient to Yield an All-Weld-Metal 
Tensile Specimen 0.505 Inch Diarneter. The Plate Shall Be Rigidly 
Clamped During Welding to Prevent Warping to an Angle of More Than 
5 No Welding on C-Mo Steel Is Permitted Below 300° F. Stewart 


heat treating are essential. The U.S. Navy Bureau of 
Engineering Process Approval Plate for arc-welded C-Mo 
steel, according to Stewart,! is identical with that used 
for 4—6 Cr steel (Fig. 1 of review of literature on Welding 
Chromium Steels, THE WELDING JOURNAL, 17(7) Suppl. 
(1938)). In addition a gouge plate is required for cast 
C-Mo steel, Fig. 4. 

Vigener* points out that carbon-molybdenum steel 
boiler plate (0.5 Mo, or 0.25 Mo, 0.25 Cu) is used com 
monly in Germany for arc-welded and water gas-welded 
boilers. No difficulty has been encountered in service 
with welded pressure vessels of silicon-killed 0.5 Mo steel, 
according to Hopkins.” The application of C-Mo steel 
to ship’s boilers was ruled out by Ffield,*® because the 
steel requires heat treatment after welding. Schimpke 
and Horn*! also recommend normalizing for arc-welded 
C-Mo boiler plate. It was pointed out by Harris" that 
the disadvantage of molybdenum in steel for welding is 


Table 13—Maximum Vickers Hardness of the Heat-Affected 
Zone of Mn-Mo Steels as a Function of Welding Speed 


Warner 
4 ‘ 
Composition of Ste l Mir 
= Mn Si P Mo i f 

Steel No. 1 0.17 1.57 13 / . } 
Steel No.2 0.12 1.00 0.21 0 19 
rhe static and tensile impact properties of 60° V butt 
welds are listed in Table 14 The width ai parallel 
section of the specimens were | inch, and the welds were 
ground flush. Stress relieving was at 600° ( Phe 
organic and mineral covered electrode deposited metal 
containing 0.5 Mo; the core rod contained 0.13 ¢ l 
general, the welds had higher static strength than base 
metal, but lower ductility and impact tensile valu 
Stress relieving was advantageous 

Single-V butt welds made by Sommer* with a cored 
electrode 0.16 inch diameter, 150 amps steel 0.47 inch 
thick containing 0.18 C, 0.32 Si, 1.57 Mn, 0.61 Mo had a 
tensile strength of 90,000 Ib./in.* in the form of bars 
machined to 0.39 x 1.18 inches Chapman** recom 
mended a steel containing 0.18 C max., 0.9-1.0 Mn, 
0.40—0.50 Mo for welded construction, and a similar 
steel (0.13 C, 0.91 Mn, 0.17 Si, 0.016 P, 0.017 S, 0.51 
Mo) was used for the arc-welded underframe of a Diesel 


Some of 


i 


locomotive, according to Cone the welds were 
Unionmelt; otherwise electrodes having about the same 
composition as base metal were used Che Royal Dutch 


1l¢ 


Marine* used a steel containing 0.20 C max., 0.7 Si, 1.2 
Mn, 0.4 Cu, 0.10 Mo in the construgtion of a welded 
cruiser. According to Deppeler,*' satisfactory thermit 
welds can be made in Mn-Mo steel rails (no details 

Che Committee on Low Alloy Steels® classed steels with 
0.15—0.22 C, 0.88—-1.59 Mn, 0.09—0.44 Si, 0.22—0.34 Mo 


7 
Steels 


Cs 
{) 


as moderately air hardening 
0.25-0.35 C, 0.9-1.25 Mn, 0.25 
resistance welding into larger 
Schroder 


ist 
30 Mo are 


assemblies, 


containing 
suited for 


according to 
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the deep hardening, which causes cracking in heavy sec A rod containing 0.11 C, 0.4¢ Mn, 0.17 Si, 0.009 P, 
tions. The acicular structure obtained in welds at moder- 9.019 5, 2.03 Ni, 0.13 Mo was used by Stursberg® for 
ate rates of cooling is lacking in ductility. making V butt welds in a plate 0.24 inch thick containing 
0.35 C, 0.65 Mn, 0.18 S, 0.033 P, 0.034 S As the mix 
ture ratio (ratio of oxvgen to acetylene by lume) in 
WELDING MANGANESE-MOLYBDENUM STEELS creased, Table 15, the tensile strength decreased and 
the notch impact value increased. A mixture ratio of 
In his studies of maximum hardness of heat-affected 1.0 with root bead gave the best all-ar d results. An 
one as a function of welding speed, Warner*? deposited nealing increased the notch-impact valu The effect 
a bead of weld-metal 3 inches long manually on plates of mixture ratio doubtless is related to the carbon cor 
3x 9x '/,inch. From the results in Table 13 it may,be tent of the weld-metal. With a mixture ratio of 0.8 
concluded that molybdenum has little effect on hardness. the hardness was 415 Brinell, at 0.95, 220 Brinell, at 1.0 
Table 14—Static and Impact Tensile Properties of Arc-Welded Mn-Mo Steels '/, Inch Thick (Coated C-Mo 
Electrode). Warner 
Steel No. 1* ‘. 
Base Metal Weld Base Metal 
As- Stress As Stre A Stre 
Rolled Relieved Welded Relheved Rolled Reliev \\ i lieve 
Yield Strength, lb./in.? 36,000 47.000 55,800 57 OO 6 5 M 
rensile strength, Ib./in.? 104,000 92,000 94,870 9 1) 84 00K s . 85 SOI 
Elongation, % in 1 inch 42 465 22 7 | 8 
lensile impact value, ft.-lb. 890) R00 614 704 780 80) 788 
" See Table 9. 
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Table 15—Mechanical Properties of Oxyacetylene Welds Made with Ni-Mo Rods. Stursberg*® 


Mixture Ratio = 0.95 


As Root 
Welded Bead* Annealedt 
Tensile strength, lb./in.? 88,000 83,000 78,000 
Bend elongation, % in 0.59 inch 17.6 23.3 30.3 
Notch-impact value, mkg./cm.? 1.53 7.27 7.94 


* Root reverse welded. 
t Annealed in furnace above Ac; 


Mixture Ratio = 1.0 Mixture Ratio = 1.] 

As Root As Root 
Welded Bead* Annealedt Welded Bead* Annealed+ 
83,000 80,000 73,000 76,000 73,000 73 
24.7 35.0 38.6 22.3 30.9 34 

5.45 8.63 9 42 5.77 8.80 l 


Table 16—Notch Impact Value of Arc-Welded Ni-Mo Steel at Different Temperatures. Polkowski*! 


Temperature of Test, ° C. 17 150 400 
Unwelded 3.89 8.33 8.05 
Welded 3.61 7.03 4.3 to 5.6 


170 Brinell and at 1.6, 160 Brinell. The Ni-Mo rod 
was not so satisfactory as a rod containing 0.11 C, 31/2 
Ni, 0.7 Cr. 

Warner” found that covered electrodes with !/,°% 
Mo had smooth arcing characteristics and produced 
sound weld-metal in 3'/2% Ni steel. The arc welding 
characteristics of a steel containing 0.07 C, 0.14 Si, 0.34 
Mn, 0.015 P, 0.012 S, 1.86 Ni, 0.20 Mo (for truck wheels) 
was reported by Polkowski*! to be excellent. The notch 
impact value of arc welds in this steel (no details) are 
listed in Table 16. _Hoffmann**? recommended a Ni-Mo- 
Mn steel (0.3 C, 0.2—0.3 Si, 1.0-1.5 Mn, 1.0-1.5 Ni, 
0.25—0.3 Mo, 0.025 S, 0.03 P) for aircraft sheet and tubing 
to be welded with a rod containing 0.1 C, 0.1 Si, 0.5-0.6 
Mn, 2 Ni, 0.17—-0.18 Mo, 0.025 P, 0.03 S. The weld 
contained 0.04 C, 1.7—1.8 Ni, 0.1 Mo. 


WELDING NICKEL-CHROMIUM-MOLYBDENUM STEELS 


All-weld-metal containing 1 Ni, 0.75 Mo, 0.25 Cr 
deposited in a Cromansil plate 1 inch thick, according 
to Chapman,® had a yield strength of 72,000 Ib./in.’, 
tensile strength = 88,000 Ib./in.*, 24% elongation in 2 
inches, 38% elongation in free-bend test (no details). 
Harris'! pointed out that Ni-Cr-Mo steels capable of air 
hardening are frequently incapable of resisting the 
internal stresses resulting from the volume changes dur- 
ing welding. Welding cracks are often found. The welds 
require heat treatment. 

R. Smallman-Tew reports (private communication, 
May 1938) that a single bead of fluxed alloy steel elec 
trode deposited on an annealed steel containing 0.26 C, 
2.64 Ni, 0.50 Cr, 0.55 Mo, 0.38 Mn, 275 Brinell, created 
the maximum hardness shown in Table 17. Only 


Table 17—Maximum Hardness in Heat-Affected Zone of 
Ni-Cr-Mo Steel Adjacent to Single-Layer Deposited by a 
Fluxed Electrode. R. Smallman-Tew 


Maximum Brinell 
Hardness in 
Heat-Affected Zone 


Preheating 
remperature, ° C. 


Structure of 
Hardened Zone 


None 509 Martensitic 
150 $15 Fine sorbite 
250 395 Fine sorbite 
350 391 Fine sorbite 


relatively low preheating temperatures are required to 
prevent the appearance of martensite. 

Hoffmann* praised the welding qualities of steels 
containing 0.3-0.8 C, 0.8-1.3 Mn, 0.8-1.0 Cr, 2-4 Ni, 
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500 600 733 800 R5 
4.6 2 to 35 26.2 32.3 
3.0 to 4.1 5 to 20 15 to 22 12.6 8.5 to 


0.2-0.8 Mo, but there are very few who will agree with 
him. Chadwick** recommends stress relieving for 4 hr 
at 650° C. for welded cast steel containing 0.30 C, 0.4 
Mn, 0.23 Si, 1.87 Ni, 0.82 Cr, 0.23 Mo. 

The static and impact tensile properties of heat 
treated flash and resistance butt welds in a steel containing 
0.30 C, 2.5-2.8 Ni, 0.6-0.8 Cr, 0.25-0.35 Mo (Steel | 
Table 57 of the review of literature on Welding Chromium 
Steels, THE WELDING JOURNAL, 17(7) SUPPL. 36, July 
1938) were determined by Galibourg and Ballay.* 1! 
flash welds had high static and impact strength and 
ductility after being oil quenched from 850° C. and air 
cooled from 625° C. The resistance butt welds were lack 
ing in ductility. 
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SUGGESTED RESEARCH PROBLEMS 


1. In view of the good properties of carbon-molyb 
denum steels at elevated temperatures, a 
study of the creep properties of welds in steels 
should be made Che data in the review, while indicative 
of good creep resistance of these welds, m 
very meager and incomplete 


>) 


Systematic 


these 
vertheless are 


Due to the increasing use of ferromolybdenum in 
electrode coatings, and its stated beneficial effect on ar 
stability and recovery, further studies of these factors 
might well be made. What is the mechanism of this im 
proved arc stability, and is it present to the same degree 
when the molybdenum is present in the coatii 
present in the electrode wire? 


g as when 
3. There is much conflicting opinion as to the 
of air hardening and loss of ductility a 
if any, that takes place upon welding carbon-molyb 
denum steel without preheating, and there are still 
some who are skeptical of the need for preheating \ 
research project on this question would be of value 


degree 


nd creep strength, 
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Especially tor Steel Construction 


HE following is a report on Krupp research in so far 
as it concerns welding in steel construction 


A) THE INFLUENCE OF THE CHEMICAL COMPOSITION 
OF THE WELD MATERIAL ON ITS (DESIRABLE 
PROPERTIES 


Table 1 shows how different the quality of a welded 
seam can turn out with one and the same welding wire; 
depending on whether it is used for gas welding or elec 
tric arc welding, not coated, or with medium or heavy 
coating. If we compare the properties of specimens of 
weld material thus obtained, especially elongation and 
impact strength which recently have been considered 
most important, we find the following conditions 
of the specimens were heat treated after welding 

[he gas-welded samples showed 18.5% elongation 
ind 11.8 mkg./cm.* impact strength. The specimens 
welded electrically with bare electrodes showed only 
; elongation and 1.5 mkg./cm.* impact strength. 
Che values with lightly coated electrodes were not much 
better, namely, 11.2% elongation and 1.9 mkg./cm.’ 
impact strength. Medium coated electrodes showed 
15% elongation and 6.1 mkg./cm.* impact strength, 
while the heavily coated electrodes which released a pro 
tective gas produced very high values, 25% elongation 
and 9.6 mkg./cm.* impact strength. 

Che explanation for this great difference may be 
lound in the chemical composition of the weld proper. 
lhe contents of carbon, silicon and manganese show con 


(none 


© OF 
oe /, 


* Extended abstract of Uber Forschungsarbeiten zur Entwicklung von 
schweisselektroden, insbesondere fiir den Stahlbau’’ published in Stahlbau, 
left 6, 7/8, 1938 lranslated through the courtesy of Detroit Edison Com 
pany Paper read before the German Committee for Stee! Construction in 
Munich, December 10, 1937 

Krupp, A. G 


t Messrs. F Essen, Germany 


1938 





siderable variation in the 


these components were more or k lized during the 
melting of the welding wire under the rious condition 

But the quantities of nitrogen and f taken up by 
the material of the weld are still more important thai 


the just mentioned substances. In perfect 
with other test results published recently it is found 


that the impact strength decreases with increasing oxy 


gen and nitrogen contents As will be shown later, the 
nitrogen 1s more important, even though the numerical 
values of the nitrogen contents are considerably lower than 
those of the oxygen contents. If we compare the physi 
cal properties of weld material electrically welded with 
bare and heavily coated electrodes producing protective 
gases, respectively, we find in the first case that with 
0.140% nitrogen and 0.210% oxygen only 7.5% elonga 
tion, 17% reduction of area and » mkg./cem npact 
strength could be measured In the latter case, however, 
with 0.013% nitrogen, 0.099% oxvge everal times the 
above values, namely, 25% elongatio1 7% reducti 
of area and 9.6 mkg./cm.* were produced 


B) IMPROVEMENT OF THE TOUGHNESS (DUCTILITY 
OF A WELDED SEAM BY HEAT TREATMENT DEPENDS 
ON ITS OXYGEN AND NITROGEN CONTENTS 


Up to now the possibility 
ment of welds has probably h 
much less applied. But it 
heat treatment of welds will be ap future at 


For that reason we should 


{ subsequent heat treat 


1 , 1 
rdiyv been < ] idere l and 


nay be uid that no d 


least in some special cases 
like to show by means of a tew examplk ee Tables 
2 to 4) from the test series mentioned before, that the 
possibility of thus improving a weld depends to a large 
extent on its nitrogen and oxygen content 


~ 
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Table 1—Change in the Chemical Composition of a Welding Electrode and the Physical Properties of Specimens of W. 


Material 
Chemical Composition Mechanical Properties 
Notched 
Bar 
Impact 
Elonga Reduc- Strength 
Yield rensile tion % tion of (DVMR  B;: 
. Si, Mn, Na, On, Strength, Strength, 1 = 5d Area Specimen) H 
Material q a / o// % q Lb./In.2. Lb./In.? q w//; Mkg./Cm 
Electrode wire 0.13 0.07 0.66 0.005 0.021 
Weld material, gas welded 0.10 0.02 0.49 0.017 0.037 36,100 56,600 18.5 38 11.8 
Weld material, arc welded 
with D.C. (bare electrode) 0.03 0.02 0.20 0.140 0.210 $3,800 59,500 $20 17 1.5 
Weld material, arc welded 
with D.C. (lightly dipped 
electrode) 0.04 0.02 0.20 0.120 0.180 42,400 67,900 11.2 yA | 1.9 
Weld material, arc welded 
with D.C. (medium coated 
electrode) 0.04 0.04 0.25 0.079 0.140 $3, 800 62,400 15.0 30 6.1 
Weld material, arc welded 
with D.C. (coated electrode 
producing protective gases) 0.06 0.07 0.36 0.013 0.099 46,600 66,700 25.0 47 9.6 


Table 2—Arc Welding with Negative Bare Electrodes. 
Nitrogen Contents of Samples 0.14% 


D c 
Normalized Annealed 
a 1/. Hour 2 Hours 
Not Heat 900° C 600° C 
Treated Aircooled Aircooled 
Yield strength, lb./in.? 43,800 39,500 39,500 


Tensile strength, Ib./in.? 59,500 59,500 56,600 
Elongation % (L = 5d) 7.5 9.5 7.5 
Reduction of area, % 17 23 14 
Notched bar impact 

strength mkg./cm.? 

(DVMR specimen) 1.5 1.4 1.9 
Brinell hardness 135 125 119 


Table 3—Arc Welding with Medium Covered Positive 
Electrode. Nitrogen Contents of Samples 0.079% 


b ri 
Normalized Annealed 
a 1/, Hour 2 Hours 
Not Heat 900° C 600° C 
Treated Aircooled Aircooled 
Yield strength, lb./in.? 43,800 41,000 39,500 
Tensile strength, lb./in.? 62,400 58,000 58,000 
Elongation % (L = 5d) 15 16 16 
Reduction of area, % 30 28 27 
Notched bar impact 
strength mkg./cm.? 
(DVMR specimen) 6.1 5.6 5.7 
Brinell hardness 131 27 119 


Table 4—Arc Weld with Heavily Coated Positive Electrode, 
Coating Producing Protecting Gas. Nitrogen Contents 
of Samples 0.013% 


if 


Normalized Annealed 


a '/, Hour 2 Hours 
Not Heat 900° C 600° C 
Treated Aircooled Aircooled 
Vield strength, Ib. /in.? 46,700 46,700 50,800 


Tensile strength, lb./in.2 66,600 65,900 68,500 


(C) WELDING MATERIALS FOR STEEL CONSTRUCTION 


In the last few years a definite change could bé 
observed in most countries from cheap welding wires 
which produced comparatively low-grade welds to high 
grade welding rods. Table 5, for example, shows that i: 


Table 5—Manufacture of Welding Electrodes in the U.S.A 
According to J. Muller 


Distribution in ‘ 
First Half 


Type of Electrodes 1933 1934 of 19 

sare for manual welding 2.7 230.3 15 
Bare for automatic welding 5.2 2S 
Dust coated 15.2 14.9 12 
Standard coated 14.2 7.8 ) 
Heavy coated 32.6 47.7 
For alloyed steels with up to 1.25% alloy 

components (besides Fe and C) 2.5 2.) 
For alloyed steels with more than 1.25% 

alloy components (besides Fe and C) 3.4 3.2 
For alloyed steels with more than 3% Cr 0.1 0.7 


(The Weld. Eng., 21, 1936, No. 1, p. 30 


the U. S. A. the quantity of uncoated electrodes wh 
was still 26.7% in 1933 has decreased to 15.3% of 
total production in the first half of 1935. In the quantity 
of lightly coated electrodes, a similar decrease can b 
found. During the same time, on the other hand, 
quantity of heavily coated electrodes—which prod 
high-grade welds—has increased from 32.6 to 57.7% 

A similar development can be noticed in the wel 
ing departments of Messrs. Krupp during the 
few years. 

Especially in structural steel work heavily coat 
electrodes are today used here almost exclusively 


(D) TOUGHNESS IN NOTCHED BAR IMPACT TEST O! 
WELDS AT TESTING TEMPERATURES BETWEEN 
AND 400° C. 


Elongation % (L = 5d) 25 26 28 We should like to report first on some tests n 

Reduction of area, % 47 49 59 to determine the impact strength in welds without 

Notched bar impact plying, however, that we consider the notched bat 
strength mkg./cm ? line ; og : ccd “ 

(DVMR specimen) 9.6 9.9 10.4 pact test as the most important criterion for the qua 
Brinell hardness 140 131 27 of welds. Plates of mild steel I, 12 mm. thick we 
= butt welded with various electrodes. From these w 
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Fig. 1.—Notch-Impact Specimen in 60° V Butt Weld 


act specimens were cut in such a way that the weld 

was in the middle of the specimen, and the notch at the 
f the V cut. Figure 1 shows the layout and the 
mensions of the impact specimens. These specimens 
were tested in the temperature range from—70 to 
100° C. Figure 2 shows the values obtained with 
erent electrodes. The behavior of the various curves 

s similar in so far as the maximum value of the impact 
strength in the weld lies between +20 and +200° C 
The strength drops rapidly toward lower 
temperatures and somewhat less rapidly toward higher 
temperatures. The various electrodes show different 
behavior not only in the absolute values of the strength 
they produce, but also in the appearance of the descend 
¢ branches of the curves. The two lower curves refer 
to uncoated (curve A) and* slightly coated (curve B 


ill cases 


electrodes of the government railway grade E 37 (pre 
liminary standard DIN 1913, grades E 37 and E 42 
In the temperature range between +50 and +200° ¢ 


the impact strength produced with these electrodes is 
between 3 and 4 mkg./cm*. Already at 0° C. these 
ilues decrease to half this value and at 20° C. they 
ire only about 1 mkg./cm*. 
The third curve from the bottom (C 
loved electrode with core 


refers to an al 
not the same as that described 


by Leitner (Z. VDI., 80, 851 (1936)), and by Hackert 
und the author (Techn. Mitt. Krupp, 5, 22 (1937 but to 
1 later development. This new electrode has been 


admitted by the government railways to their grade 
classification #52. According to our investigations 
the impact strength produced with this electrode is 
about 7 to 9 mkg./cm.* in the temperature range 
between +20° and +200° C., that is, about twice that 
pre duced with uncoated or lightly coated electrodes, or 
with unalloyed electrodes with core. But here also the 
impact strength is rather low at 0° C., and ait 

50° C. it has decreased to 1.5 mkg./cm Che fourth 


curve from the bottom (D) refers to a medium coated 
for structural 


electrode much used steel (government 

















Fig. 2—Notch-Impact Value of Arc-Welded Butt Welds with Different 
Types of Electrcdes in Mild Steel 0.47 Inch Thick 


A notch-impact value, DVMR specimen, mka 
B test temperature ¢ 

A bere electrode 

B lightly dipped electrode 

¢ alloyed electrode with core 

D = medium covered electrode 

f 


= normal covered electrode 
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railway classification E387h and E52 At testing 
temperatures between +50° and +100° C. this ele 
trode produced an impact strength above mkg./cm 

but still a rapid drop toward lower temperatures, so that 
the impact strength of the weld was only a little over 
6 mkg./cem.* at —50° C. and 1.5 mkg./cm.’at 70° ¢ 


Che top curve (£) refers to a coated electrode as it is 
usually used by Messrs. Krupp for the welding of | 


structures (government railway grade /34 E37h, 


Ed2h) Among other jobs this electrode w ed for the 
bridge across the Strela Sound and for the two latest 
Rhine bridges. At temperatures betwee +20" and 
100° C. this electrode produced an impact strength in th 
weld of about 13 mkg./cm Contrary t ill other 
electrodes discussed so far this one still showed an im 
pact strength of about 5 mkg./cm.* at a testing tempera 
ture of —70° C. Similar results but more of the order 
of curve D, also obtained with a coated electrode, hav: 
recently been reported bv H. Avyssli ve! P. Jesse ind 


W. Stockmann 


E) INFLUENCE OF HEAT TREATMENT ON THE IMPACT 
STRENGTH OF WELDED SEAMS MADE WITH COATED 
ELECTRODES AND ALLOYED ELECTRODES WITH 


CORES 
We should like to discuss now a little more in detail 
these two electrodes which seem n t important for 


ae oe 








Fig. 3—Notched Bar Impact Strength in Electrically Welded Butt Welds 
Using Covered Electrodes and Alloyed Electrodes with Core 
Mild Steel I, 12 Mm. Thick 


Plates of 


structural steel today, the alloyed electrode with cor 
and the normal coated electrode, bot! their most 
recent form The corresponding curve Fig. 2 
are marked C and £. It is quite interesting to see how 
the temperature impact characteristics are changed by 
heat treatment in the case of these two electrodes Phe 


results of these tests are of interest for structural steel 
welds because some day heat treatment will be applied 
to them, at least in some special cases \nother problem, 
the preheating of structural parts before welding, 
discussed later. Figure 3 shows the curv: f the im 
pact strength of welds before and after heat treatment 
The solid curves C and £ in this case are the 
those in Fig. 2 They refer to the alloyed 
with core (C) and the coated electrods i 


will be 


Same as 
electrode 
before heat 


treatment of the weld. Curves Cg and Eg (broken line 
show the effect of stress relieving (2 hours at 600° (¢ 
furnace) and curves C, and E, (dots and dashes) that of 
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normalizing heat treatment » hour 900° C., Air Cooled). 
Ihe curves show the following: In the specimens which 
were not heat treated the absolute values of the impact 
strength of the welds with coated electrodes (£) is in all 
cases considerably higher than that obtained with 
alloyed electrodes with core (C). In the case of the 
coated electrode, stress relieving still further increased 
these values at all temperatures (curve kg). At tempera- 
tures between —20° and +200° C. normalizing treat- 
ment increased the impact strength even beyond that of 
the untreated or stress-relieved specimen (curve £,). 
However, at testing temperatures between —50 and 

70° C. the impact strength of the normalized speci 
mens welded with the coated electrode fell off consider 
ably. Similar results were obtained with coated elec 
trodes by J. Quadflieg.* 

In the case of the alloyed electrode with core the im 
pact strength of both normalized and _ stress-relieved 
specimens was lower between +50° and 70° than 
that of the untreated specimen. Between + 100° and 
+400° C. the normalizing treatment (Cn) produced an 
increase in the impact strength over that of the un- 
treated specimen, but stress relieving brought no im 
provement of any kind (Cg). 


F) IMPACT STRENGTH OF WELD AFTER AGING 


At the right of Fig. 3 a few values are shown for aged 
impact test specimens. The aging process consisted of 
10% upsetting followed by 30 minutes heating to 250 
C., and it was applied to samples which were not heat 
treated as well as to some that had been stress relieved or 
normalized, respectively. For the alloyed electrode 
with core the impact strength of the thus aged weld 
specimens lies at only 1 to 0.5 mkg./cm.” while for the 
coated electrode it lies between 4 and 6 mkg./cm.? 

One might ask whether mechanical aging of welds was 
at all important in welded steel structures. In his 


Table 6—Chemical Composition of Weld Material 
Type of ta Si, Mn, P, 5, No, Oo, 
- oy 


Electrode % % ( % % v/ y/ 
Coated  elec- 

trode (£) 0.10 0.08 0.50 0.025 0.030 0.026 0.094 
Alloyed elec 

trode with 

core (C) 0.09 0.04 1.17 0.024 0.021 0.110 0.048 











dissertation W. Kleinefenn* has stated that this problen 
is important for all kinds of welds because in a weld pr 
duced by the melting of metal subsequent shrinkage ; 
produce cold working of the weld as well as of the 
material. Similar conditions were described by |] 
Quadflieg.4 Tests with aged weld specimens are ther 
fore of more than mere academic interest. 


(G) THE NITROGEN IN THE MATERIAL OF THE WELD 

EXPLAINS WHY THE ALLOYED ELECTRODE WITH CORE 

AND THE COATED ELECTRODE CAUSE SUCH DIFFER. 

ENCE IN THE RESULTS OF HEAT TREATMENT orf 
WELDS 


Just as it did in the tests earlier described, the chem 
cal composition of the weld material showed why alloy: 
electrodes with core, and coated electrodes, behav: 
differently as far as aging is concerned. Table 6 shows a 
compilation of the analyses of weld material made wit! 
the two electrodes. 

The nitrogen contents of 0.11% produced with 
alloyed electrode with core prevented improvement 
heat treatment generally for test temperatures up 
+90" C., and in most cases even for higher test tempx 
ture. On the other hand weld material produced wit! 
the coated electrode contained only 0.026% Ne and 
could be improved by heat treatment almost without 
exception. In the case of the electrode with core 
low values of the aged samples must also be explained a 
due to the nitrogen contents. Because the oxyge 
tents of the weld material from the electrons with cor 
considerably below that produced by the coated 
trodes it is shown that nitrogen in a weld is really muc! 
more important (for weakening it) than oxygen. 


J 


(H) ARE THERE ANY RELATIONS BETWEEN IMPACT 
STRENGTH AND BENDING ANGLE IN A WELD? 


The tests just discussed are only a few out of a lo 
investigation still proceeding on impact strength, b« 
ing angle and fatigue strength of welds made by differ 
methods and with different welding wires. One pur 
pose of the investigation is to find how much a1 
the tested properties considered most important tod 
are in any way related. Table 7 shows for mild st 
I, welded with different electrodes, the impact stre1 
of the weld material at +20° C., the bending angl 
around a pin, and the free bending angle with unt 


Table 7—Bending Angles of Electric Butt Welds. Sheets of Mild Steel I, 12 Mm. Thick 


Bending Angle in Degrees 


Notched Bar Bead Bead 
Heat Impact Strength Un Machined 
Treatment in the Weld, disturbed Off 
of Specimen Mkg./Cm.? Bent Bent 
After at +20” C. Around Jent Around Be 
Type of Electrode Used Welding (DVMR-specimen) a Pin Free a Pin Free 
Bare (A) None 2.0 61 78 22 ¢ 
Lightly dipped (B) None 2.1 65 114 15 Q 
Alloyed electrode with core (C) None 6.85 89 118 151 l 
Annealed 4.8 110 120 135 18 
Normalized 1.5 LSO LSO &3 LS 
Medium covered electrode (D) None 10.3 180 180 +180 > 18% 
Annealed 10.5 180 180 >180 18 
Normalized 10.6 180 180 >180 >18 
Normal covered electrode (£) None 12.9 L180 180 >180 >18( 
Annealed 13.5 180 180 >180 >18 
Normalized 13.65 180 180 >180 >18! 
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ed and with machined bead. The values are quite 
rmative. The bending tests show that the bending 
vle of the free-bending test is consistently greater 
that obtained around a pin. A relation between 
impact strength of the weld material and the bending 
exists only in so far as the lowest impact strength 

he non-heat-treated specimens corresponds with the 
west bending angle. At higher impact strength the 
bending test does not differentiate any more. It is 
und that in all cases in which the impact strength is 
mkg./em.* and higher a 180° angle of bend can be 
produced with or without cracking, respectively. In 
the heat-treated samples the bending angle always 
rises above that of the non-heat-treated specimens, if it 
is not already 180° in the latter case. But as the sam 
ples welded with alloyed electrodes with core show, thx 
same heat treatment which increases the bending angle 
simultaneously reduces the impact strength of the weld. 


Table 8—Limits of Analysis of Weldable Structural Steel 
St52 Laid Down by the German Government Railways 


In addition to this 
Mn up to / 
or Cr up to 0.4% 


( 


or Mo up to 0.29 


C maximum 0.20% 

Si maximum 0.50% 

Mn maximum 1.20% 

Cu maximum 0.55% 

P maximum 0.06% 

S maximum 0.06% 
PandS 


total maximum 0.10 


I) HARDENING OF STEELS BY THE WELDING HEAT, 
AND TENDENCY TO CRACK FORMATION IN THE WELD 


The mention of welding cracks touches a subject 
which cannot be ignored in this review. In a number of 
failures due to cracks in the welds which appeared during 

936 in welds made with coated electrodes, particularly 
n steel St52, it was found that with certain base materials 

mal coated electrodes might fall down. It had been 
known for some time (previously reported by the 
author)* that in plain carbon steels beyond a certain 
carbon content, normal coated electrodes caused ther 
mal cracks, especially in fillet welds. The limitation 
of the alloying elements in weldable structural steel 
St52 put through by the government railways in 1936 
was intended not only to avoid the tendency to cracking 
in the welds, but also to avoid excessive hardening of the 
base material in the neighborhood of the welds (see 
lable 8 

rhe problem of hardening of a steel by welding heat is 
in itself nothing new, especially in steel St52. In ship 
building the problem appeared a number of years ago 
when it was attempted to assemble plates of steel 





St52 to very large sheets In order to correct the warp 
ing and bulging which appeared in very large sheets 
assembled by welding, due to thermal stresses, the 
necessary places were heated to red heat with an oxy 


Table 9—Sensitiveness to Quenching of Low-Alloy Struc- 
tural Steels St52 of About the Same Strength but Different 


Composition 
Ma ial A la il | 

Yield point, kg ! : 

rensile strength, kg 8 ) 

Elongation, % 65 4 . 

I ling angle at first crack f 

\ in wa 
24 Inch plate 
+7 Inch plate } 

).71 Inch plate 
acetylene torch and then more or less rapidly chilled 
It was found that among the then available steel types 
St52 espec ially could not stand such severe treatment 
and that they were very much hardened Table 9 
shows the results of tests to develop an St52 structural 
steel, published by A. Fry® in 1933; tl teel was sup 
posed to withstand such mistreatment It may be seet 
that two structural steels St52 with almost identical 
static strength but different analyses, showed very 
different toughness and ductility after chilling from 


1020" C. in water 
or ductility was tested by bending Table lO gives 
some data from very extensive tests made by Messrs 
Krupp in 1932 for the purpose of developing an Sto2 
structural steel which would be hardened as littl is 
possible by welding heat in the mes adjacent to the 
weld. Even at that time it was entirely clear to us that 
the attainment oi this goal was important not only for 
] 


In this particular case the toughness 


the already mentioned special case in ship-building, 
but in general for the applicatio1 f structural steel 
St52 to welding. Finally, in Fig. 4 wi w the results 
of different welding and quenching tests with an St52 
structural steel showing the least tendency to hardening 
according to our experiments It characteristic that 
the mechanical properties of this composition change 
very little with different welding and chilling treatment 
Based on the above mentioned tests Messrs. Krupp 
specified the corresponding analy f their structural 
steel St52 as early as 1932, and it should be noted that 
the analysis then specified fits completely within the 
limits decreed in 1936 by the government railways for 
weldable steel St52 
(. Bierett® has recently shown that the tendenc\ 

crack formation due to hardening of a steel in the ri 
adjacent to a weld depends considerably on the weldi 


Table 10—Tests Concerning Sensitiveness of Low-Alloy Structural Steels St52, Made in 1932 
Mechanical Data, Plates 0.47 Inch 
Phi k Norn ilize l Brit 
lor 
Chemical Composition Yield Tensil 0 | Brit 
( Si, Mn, Cu, cr Ni, Mo, \ Strength, Strengtl 1] Hard 5 \ 
‘ % o Y % q Y) 07 Lb In Lb In \/f ‘ W 
id 0.354 O7 0.4] 99,600 72,400 zz.) t 4 
13 0 55 31 0.42 0.15 61,700 84.000 24.0 yt } 
15 0.56 9 0.43 0.15 56.700 RO 7. & SS 
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TREAT MENT 


Fig. 4—Mechanical Properties of Low-Alloy Structural Steel St52 (Special 
Grade With Very Low Sensitiveness to Chilling) After Different Kinds of 
Treatment. Thickness of Plate = 0.55 Inch 


A = tensile strength, kg./mm.? 
B = yield point, kg./mm.? 
( elongation, % 
D notched bar impact strength, mkg 
Treatment 1 Plate in unwelded condition 
2 Plate V butt welded (bare electrodes), reinforcement machined of 
3 = Plate with bead applied and then machined of 
4 Plate with '/2-inch strap welded on,t wo light fillet welds, later machined 
of 
Same as 4; but with heavy fillet welds 
¢ Plate cooled from 900° C. in quiet air 
} Plate quenched in oil for 10 seconds 
8 = Plate quenched in water for 1 second 


Pending angle in cases 1, 6, 7 and8 greater than 18 


procedure in addition to depending on the composition of 
the steel, and that this tendency decreases with increas 
ing electrode diameter and with preheating of the base 
material. The findings of W. G. Theisinger’ are of 
similar nature; with carbon steels of 0.17 to 0.53% C 
he found .that with increasing welding speed or with 
decreasing thermal energy the hardness rises more in the 
zone adjacent to the weld. As was to be expected the 
rise is the higher the greater the C-contents of the base 
material, and the more rapid the cooling. 

We should like to point out here a remarkable new 
method for the testing of the hardness increase of steels 
due to welding which has been suggested by H. Hautt 
mann*® before this year’s convention of the German As 
sociation for Testing Materials at Diisseldorf. In prin 
ciple the method consists in making an etched polished 
specimen of a weld and rolling a small ball of about !/;. 
inch diameter over it with constant pressure of 15 kg. 
and given velocity of '/, m./sec. The path of varying 
width caused by the ball in zones of different hardness 
is then measured with a microscope. 

In the course of a cooperative project of the (German) 
Society of Metallurgists, the results of which have not 
yet been published, it was found that by welding steel 
St52 at a few 100° C. preheat, considerably higher bend- 
ing angles could be produced than when the base material 
was welded cold. Messrs. Friedrich-Albert-Hiitte have 
therefore provided for making particularly important 
welds of St52 steel in the near future after preheating of 
the prepared joint to about 200° C. The device special- 
ly developed for this purpose makes it possible not only 
to maintain this temperature during welding, but it also 
protects the welder against radiant heat. It is im- 
portant for such cases to know the impact strength of 
the weld at about 200° C., and the published figures 
give sufficient data for this. As the curves show, the 
notched bar impact strength at a temperature of about 
200° C. is very good throughout. 

Besides a reduction of the tendency to harden in the 
zones adjacent to the weld with consequent danger of 
cracking in this zone, the German government railways 
also intended to avoid the danger of cracks in welds 
made with normal coated electrodes when they set upper 
limits for the analysis of weldable St52 steel. 

C. Stieler® defined ‘‘Schweissnahtrissigkeit’’ as the 
formation of longitudinal and transverse cracks in welded 
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seams, especially in fillet welds, during their cooling 
We stated at the same time, that the usual blue temper 
ing color of these cracks does not justify the conclusio; 
that they were produced in that temperature ra 
that they probably began above that temperature. 
fact that such fractures are hardly ever observed ir 
case of uncoated electrodes and electrodes with cor 
explained by Stieler by the fact that with such « 
trodes the bead is built up more, and that it can ther 
fore withstand higher stresses than for example a fillet 
weld made with a coated electrode. Stieler indi 
further that the welded base material seems to 
great influence on the cracking of fillet welds and t! 
according to findings of the German government rail 
ways steel St52 with high Si contents particularly tend: 
to crack in fillet welds made with coated electrodes 
In order to test the tendency of an electrode to produc: 
welding cracks the German government railways us 
T-shaped samples on which the second fillet weld 
made so rapidly after the first that the first is still hot 
In the case of electrodes tending to crack, the se 
weld cracks open under these circumstances. Th: 
investigation of the German government railway 
made in 1936 showed that among the then available a: 
permissible coated electrodes there were a number whi 
caused failure with St52 steel of the composition the: 
used, and some even caused failure with steel St37 
The industry manufacturing welding electrodes has bee: 
able to eliminate these failures, even though purel) 
empirically and without being able to explain why 
normal coated electrode fails one time and does 
another time. 


xf 


Table 11—Investigation of Coated Electrodes According to 


C. Stieler 
Coated electrode 
No. l 2 3 4 
Admitted for Ger- E34h E34h E37h E34) 
man railway to to to to 
classification E52h E53h E52h E34h E52 
Appearance of fillet Some No Many No No 
weld specimen cracks cracks cracks cracks crack 
C. & 0.11 0.10 0.14 0.10 0.1 
~ Si, % 0.04 0.03 0.03 0.04 0.0 
re Mn, % 0.55 0.50 0.58 0.43 0.32 
2 3 P,% 0.046 0.046 0.071 0.035 0.03: 
a §&§ SG 0.029 0.029 0.035 0.030 0.039 
=e Ca, & 0.14 0.14 0.13 0.12 0.15 
SSE Ni,% 0.05 0.04 0.05 0.05 0.04 
so Cr, Z% 0.04 0.04 0.02 0.04 0.08 
= £ Mo,% 0.23 0.22 * ss Tract 
o N2, % 0.031 0.040 0.025 0.024 0.082 
5 Ox, % 0.150 0.140 0.140 0.140 0.13 
H, % 0.0004 0.0006 0.0006 0.0004 0.00 


C. Stieler has recently furnished new and valua 
contributions to the problem of welding cracks 1 
paper delivered at Diisseldorf on September 10, 19 
which is published in Stahl und Eisen. That shrinka 
stresses, the shape of the seam, and the compositio! 


the base material all were important factors had alread) 


been known from many observations made under pra 
cal conditions. Stieler now has attempted to find 
relation between the composition of the weld mater 
and the tendency for welding cracks of an electr 
Table 11 contains a compilation of the analysis of w 
material produced with satisfactory and unsatisfact 
coated electrodes, according to Stieler. 

Electrodes 1 and 2 are the same grade of a co: 
electrode. The difference is only that No. 1 shows 
tendency to crack formation with St52 during test 
Wittenberge and that, therefore, the manufactu: 
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ified it to No. 2 which produced fillet welds free 
cracks. However, just why one modification of the 
trode causes cracks and the other not, is not apparent 
| the analysis of the welding material, and no scien 
explanation can be given for the difference in the 
ivior of these two modifications of the same elec 
e. On the other hand, one may say with certainty 
t in electrode No. 3 which caused cracks in fillet welds 
St52 as well as St37 the high C and P contents of the 
lding material is responsible for the failures. At 
mpts by Stieler to introduce sulfur into the coating of 
ited electrodes which in themselves did not show ten 
lency to crack formation showed that also a sufficiently 
gh S-content of the weld material would cause crack 
The contents of P and S which are recognized as 
ngerous are already so high, however, that they would 
never appear with a high-grade coated electrode 


G. Bierett® points out that the problem weld crack 
tendency is extremely difficult because it the large 
number of factors involved, some of which cannot even 
be expressed numerically hus, it will at present be 
necessary to be satisfied with empirical specimens to 
test for tendency for welding cracl 
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REVERSED BEND FATIGUE STRENGTH 





By A. THUM and A. ERKER 


HE reversed bend endurance limit (10 million 

cycles) of rolled steel plates 0.59 inch thick, 20 

inches long butt or fillet welded at right angles to a 
base plate, Fig. 1, was 12,800 to 14,200 Ib./in. Milling 
the undercut with a hand-operated formed milling cutter 
raised the endurance limit of the fillet welds to 19,900 
lb./in.* and of the butt welds to 22,000 Ib./in Every 
visible black spot indicative of undercut must be removed 
and the junction with base metal smoothed and rounded 
in order to sectire full benefit of milling. Since stress 
relieved, unmachined specimens (5 hr. at 600° C., fur 
nace cooled) had practically the same endurance limit 
is untreated welds, it may be concluded that shrinkags 
stresses have little effect on fatigue behavior. If uni 
form initial compressive stress is developed in the vicinity 
of undercut by means of cold rolling, Fig. 2, the endur 
ance limit of the weld is raised to 22,000 Ib./in.*, which is 
the same as unwelded plate with mill scale. Ball peen 
ing or other means of producing non-uniform initial 
compressive stress at the undercut is quite ineffective 
Completely machined welded joints had the same endur 
ance limit as unwelded base metal. 

The tests were performed on a reversed bend fatigue 
machine in which an eccentric actuated the upper end 
i the specimen just below the natural frequency of the 
system (see A. Thum and G. Bergmann, 2. Z. |) D/., 81, 
L013 (1937) he specimens were made of mild steel, 


* Abstract of Dauerbiegefestigkeit von Kehl- und Stumpfnahtverbind 
published in Z. V DJ., 83, (38) 1101-11, Sept. 17, 1938 rhe investiga 
tion 1s a research project of the Welding Research Committee of the VDI 
By undercut, the authors mean not only the customary tro 
tch effect at the junction of weld with base meta 


Table 1—Mechanical Properties of the Steel, Which Contained 0.09 C, Trace Si, 


of Fillet and Butt Welds 
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Fig. la—Fillet-Welded Speci: 
lable 1, and were welded (D.¢ wit Vv ered 
electrode 0.1 C, up to 0.1 Si, 1 > Mi 
FILLET WELDS (Fig. le 
The results of the tests on fillet-welded nts are sum 
marized in Fig. 3. In the as-weld pecimens crack 
ccurred simultaneously at eral | il the 
junction of weld with base metal Visible undercut 
slag inclusions, porosity and notch effect microscopi 


0.41 Mn, 0.012 P, 0.013 S, 0.13 Cu 


0.14 Cr, 0.10 Ni 


Yu 

Stret 

Lb./I 
As-received 31. 500-32 zZ 
Heated 5 hr. at 600° C. and furnace cooled 30,200-31,205 
‘\ormalized hr. at 920° C 39 000—33.200 19.5 


FATIGUE STRENGTH OF WELDS 
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Fig. 1b—Butt-Welded Specimens. The Base Plate, L, Consisted of Part 
of a T Section, the Web Being About 0.63 Inch Thick at the Weld, the 
Flanges Also Being About 0.63 Inch Thick 


scale were causes of failure. Superficial milling of the 
junction was ineffective. Careful milling, on the other 
hand, was completely effective but 3.3 ft. of weld re 
quired two hours machining. Doubtless better tools 
would greatly decrease the excessive machining time. 
The best method is to remove 0.008—0.012 inch from the 
vicinity of the junction by means of an abrasive stone 
by hand. The scratches left by the stone are parallel 
to the weld and must be removed by the miller, which 
also reveals any black spots covered by the abrasive 
stone. Properly machined specimens started to crack 
under fatigue partly at the sharpest milled groove and 
partly in unaffected base metal. 

Although the shrinkage stresses in the specimens were 
not measured, it is safe to assume that the stresses at 
tained the yield point at some points along the welds, 
which were made in several layers. Stress relief (5 hr. 
at 600° C., furnace cooled) raised the endurance limit 
only 16%. Superficial milling of the junction followed 
by peening with a ball peen hammer (radius of ball 
0.10 inch) resulting in a succession of small impressions 
in the milled area was ineffective in raising the endurance 
limit. Cracks originated at many more points along 
the junction than with untreated welds. The rolling 
machine, Fig. 2, yielded satisfactory results. The 
specimen is clamped to a planer bed, while the rolling 
device is attached to the head. The rolls, which had a 
radius of 0.10 inch, were passed back and forth three or 
four times by hand so as to obtain a smooth trace about 
0.14 inch wide. The correct pressure was 1650 Ib. pres 
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Fig. 2—Apparatus for Cold Rolling the Junction of Weld with Base Metal 
to Develop Uniform Initial Compressive Stresses 


a@—specimen g—pressure cylinder 

b—rollers h—piston for developing oil pressur« 
c——piston i—pressure gage 

d—pressure cylinder k—frame 

e—pivot for cylinder l—bolt holes to fasten frame to planer head 
f—oil pressure tubes m—planer bed 
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Fig. 3—Results of Reversed Bend Fatigue Tests on Fillet-Welded Joints 
3 ) untreated 
b [) undercut superficially milled 
c x undercut smoothly milled 
d @® undercut superficially milled and cold peened 
e @ undercut smoothly milled and cold peened 
f ‘\ undercut rolled (curve f shows the fatigue strength of untreated base 


; with mill scale, because fracture did not occur in weld or undercut) 
f: @ stress at cross section of fracture 
9 + stress relief annealed 


The thin line joins points determined on the same type of specimen 


sures of 850 to 1100 Ib. being insufficient to produce th 
desired result. Fracture of properly rolled specime: 
occurred in base metal about '/2 inch from the weld 


BUTT WELDS (Fig. 15) 


The results with butt-welded joints are summarize 
in Fig. 4. Due to greater thickness, the stress in the 
weld was only 70° of the stress in base metal. Fractur 
in as-welded and machined specimens was of the same 
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Fig. 4—Stress-Cycle Curves for Butt-Welded Joints 


a untreated 
t undercut superficially milled 
® undercut superficially milled and cold peened 
d x undercut smoothly milled stress at cross section of fracture 
e © undercut rolled 
A undercut cold peened 
f v7 


undercut end weld reinforcement machined flush 
g: + stress relief annealed 

h: @ normalized, weld forged 
Curves d, e, f show the fatigue strenath of untreated base metal with 
because fracture in these specimens did not occur in the weld or undercut z 
For the same reason, curve 4 shows the fatique strength of normalized bese met 
The thin line joins points deternined on the same type of specimen 


@ stress at cross section of fracture 


type as in fillet welds. 
was machined flush with base metal had an endurai 
limit of 22,000 Ib./in.*, the same as base metal. Fra 
ture occurred partly in weld-metal, partly in base meta 
Stress relief did not raise the endurance limit. 
specimens were heated '/» hr. at 920° C. at which te: 
perature the weld was forged to about the same thi 
ness as base metal. The specimens were cooled in 
and the junction of weld to plate was milled smoot 
The endurance limit was 19,600 Ib./in.*, fracture occu! 
ring in the plate, whose strength was decreased a litt! 
by normalizing. Hammering and cold rolling had ab 
the same effects as in fillet welds. 
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THE FATIGUE STRENGTH OF 








By PROFESSOR OTTO GRAF t 


HE pulsating bend fatigue strength of three types 

of rails and of oxyacetylene welded and bolted 

joints therein was determined during the period 
1935-1937 using specimens 3.9 feet long on a span of 
3 feet with central loading. The tensile stress in the 
outermost tension fiber pulsated between a maximum 
and 1400-2800 Ib./in.*? at a frequency of 250 cycles per 
minute. The fatigue strength criterion was 2 million 
cycles and all fatigue strengths quoted are based on a 
lower stress of zero (upper stress minus lower stress) 
The results are summarized in Tables 1 to 4, the com 
position, dimensions and tensile properties of the rails 
being given in Table 5. 

The welded joints, Figs. 1 and 2, were of the Holler 
type prepared by a commercial firm according to best 
practice. It has been shown that rails with butt-welded 
heads but with fillet-welded straps on both sides are not 
satisfactory (Graf, O., Stahlbau, 1937, p. 9; and Arcos, 
1934, p. 1081). The rails were not turned during weld 
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Fig. l(a)—Method of Welding Plain Rails 




















ameter of Number 
quence Rod, Inch of Layers Type of Weld Remark 
16 and 0.2 Q* Horizontal from Two welder 
above 
Wet Q Vertical Two welders at ‘ 
Mee 4 Horizontal from One welder assisted 
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* The root was reverse welded and sometimes peened. Rod GV3 (high-arade 
ardon stee wes used except tor the upper 4 inch of the head whict 
A3 (high-carbon stee 
<a) 2 ” 
| | 
wl 
eq 











Fig. 1(6)—Butt-Welded Rail with Side Plates 


* Abstract of 
i ished in Aut 
by G. E. Claussen 
| Technical College 


Uber die Dauerbiegefestigkeit von geschweissten Schienen 


Stuttgart, Germany 


gene Metallbearbeitung, 31, No. 15/16 (1938 rranslated 


Oxyacetylene Welded Rails 


ing The shrinkage stresses acting the plan of the 
running surface and determined by the 
method, were compressive in head and foot (maximum of 
97,000 Ib./in.* in the head) and tensile (up to 
lb. /in.*) in the web Che compressive shrinkage 
in the foot of the weld are a favorable factor Schulz 
and Gerold in their report to the third International 
Rail Conference, 1935, p. 97 showed that residual stresses 
up to about 21,000 Ib. /in effect on the 
strength of rails.) 

lhe results show that butt welds may be relied upon 
for a pulsating bending fatigue strength (0 to max.) of 
21,400 to 27,000 Ib./in.* which may be compared with 
34,100 to 59,S00 Ib. /in.* for the rails without joints 

Butt welds re-enforced with side plates welded to the 
foot have fatigue strengths of 34,000 to 42,700 Ib. /in 
which is 70 to SO% of the fatigue strength of rails without 
All but one of the re-enforced butt welds fra 
tured at the end of the weld joining the side plate to the 
foot, at which point the fatigue strength was calculated 
to be only LS,500 Ib attributed t 


subdivision 


£3000 


Stresses 


have no fatigue 


i ints. 


in° The decrease is 


notch effect which may be removed shaping the ends 
of the side plate to lessen the severit the notch 
Tests on butt-welded joints having re-en! g side 
plates 32 inches long, 4 inches wide showed that fra 
ture was forced to occur in the butt weld 

Diagonal butt welds (weld vertical but at an angle of 
15” to the sides of the rail) have practically no higher 


fatigue strength than butt welds perpendicular to the 


sides, because the same defects that lower the latigue 
strength are present in both types oi nt. Bolted or 
combination bolted and butt-welded nts have very 
low fatigue values: 11,000 to 17, II Measurt 
ments showed that inappreciable permanent deflections 
occurred in the butt-welded sp me! I y fatigue 
tests up to the fatigue strengt! 
Although oxyacetylene butt \ r t 


fatigue strength of rails, rust and dents on the foot als 


lower the fatigue strength. For examp! 1 rusty rail 
of type K fractured after only 57! vcles betwee 
1300 and 43,400 Ib./in’. A new rail of type K pur 
posely dented on the upper edge of the foot failed after 


145,600 cycles between 1300 and 39,306 
originating in a dent. Although the reduction in fa 
tigue strength caused by dents is considerable, it is mucl 
less than that reported by Schulz and Gerold (Third 
International Rail Conference, 1935, pp. 100-101) for 
rails nicked with a cold chisel Tests are being made to 
determine the effect of service on the fatigue strength of 
rails 

Discussing the results, F. Rosenberg of the 
Federal Materials Testing Laboratory, Berlin-Dahlem, 
quoted pulsator tests on flash-welded rails of type K or 
a span of 3.15 ft. with two loads, each 5 inches from the 


abx ve 


center. The welded rail, which was prepared on an auto 
matic AEG flash welder, had 91°7% of the fatigue strength 
criterion not stated but presumably I] cycles) of 


























Fig. 2—Method of Welding Grooved Rails 
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at the fatigue limit for 
the unwelded rail pulsated between 8200 and 


52,300 


lb./in.*, the corresponding values for the welded rail 
being 9700 and 50,000 Ib. /in?. 


Table 1—Fatigue Tests of Rail K 


ype of Specimen 

Rail without joint 

Butt weld directly under load 

Butt weld 2 inches to one side 
of load 

Diagonal (45°) butt weld di 
rectly under load 

Butt weld with side plates (St 
42) directly under load 

Butt weld with side plates (St 
60) directly under load 

Bolted joint 0.39 inch from 
load 

Combined bolted and butt 
welded joint; butt weld 
directly under load 


Brinell hardness of rail on running surface 
Brinell hardness of weld on running surface 


Fatigue 


Strength, 


Lb./In.? 
45,5( nH) 
26,300 
25,600 
24,200 


37,000 


Less than 


34,100 
10,700 
17,100 


Location of Failure in 
Fractured Specimens 
Within */, inch of load 
In weld 

In weld or near load 


In weld or ! , to PAS 
inches from load 

In butt weld or 9 inches 
from load 

7 to 9 inches from load 


In bolt plates 


In bolt plates 


92 97 
230-270 


92 ) 
230-300 


St 42 plain carbon steel with minimum tensile strength of 


60,000 Ib. /in.* 


St 60 = plain carbon steel with minimum tensile strength of 


85,000 Ib. /in.? 


Table 2—Fatigue Tests of Rail GHH 


ype of Specimen 

Rail without joint; foot in 
tension 

Butt weld directly under load: 
foot in tension 

Butt weld directly under load; 
head in tension 

Butt weld with side plates di 
rectly under load; head in 
tension 

Diagonal (45°) butt weld di 
rectly under load; foot in 
tension 
Brinell hardness of rail 


Brinell hardness of weld metal 246-2 


Fatigue 


Strength, 


Lb./In.? 


59,800 
26,300 


Less than 


27 OOO 
12 700 
26,300 


202-216 





Location of Failure in 
Fractured Specimens 


Within !/,; inch of load 


In weld at junction of 
foot with web 

At defect in root of 
weld in head 

In weld joining side 
plate to foot of rail 


At defects in weld at 
junction of foot with 
web 


0) 


WELDING RESEARCH SUPPLEMENT 


Type of Specimen 


Rail without joint 

Butt weld directly under load 

Diagonal (45°) butt weld di 
rectly under load 

jolted joint, gap between 
ends of rails 0.016 to 
0.071 inch 








Table 3—Fatigue Tests on Duplex Grooved Rail GMW 


Location of |} 
Fractured Spx 


Within 2 inch: 

In tension zon 

Mainly in d 
parts of the 

Behind small 
plate 


Brinell hardness of rail on running surface 297-317 
Brinell hardness of foot of rail 143-148 
Brinell hardness of weld on running surface 250-288 


Type of Specimen 
Rail without joint 
Butt weld directly under load 


Brinell hardness of rail 
Brinell hardness of weld 


Table 4—Fatigue Tests on Special Profile Duplex Rail GMW 


Location of Fai 


Fractured Specit 


Table 5—Composition and Dimensions of Rails 


Flat 
Bottom 
Rail 


Carbon content, he ad Uv 
Or toot 0) 
‘ web 0 
head { 
Silicon content, t, 
o7 foot 0 
. web 0 
Manganese con head u 
P + oF toot () 
woe | web 0 
Chromium con — ~ wo 
vem, 7X web 0.06 
Copper, % 0 
(} 
Nickel, q 0.04 
Phosphorus, % 0.027 
Sulfur, % 0.018 
Height, inch 5 
Width of head, inch 2 
Width of foot, inch 5 
Thickne ss of we b, inch \) 
{} 
Weight per yard, lb LOO 
Cross-sectional area, 
sq. in 


Moment of inertia, in.‘ 


Yield strength, } head 
lb. /in.? | foot 
rensile strength | head l 
lb. /in.? | foot 125,000 
Elongation, % )\ head 
in 5 inches | foot 
Reduction of | head 
Area, w// | foot 


Tensile specimens were 0.39 inch thick, 


* At thinnest section 


87 000 
84,500 
23,000 


71,000 
65,000 
105,000 
103,000 66,000 


GMW S 
} } 


Bottom Grooved 


Rail 
0.7 
{) l 

] 


() 


‘ 
~) 
5 
\) 25 
0.24 
0.24 
0.66 
0.90 
0.55 
() (hh) 


0 O46 


86 
95,000 
46,800 
162,000 


10 
28 
9 


oO 


1.0 inch wide 


z= 
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COLUMN TESTS OF REINFORCED 





By R. Jd. ROARK?t, C. B. VOLDRICH and E. SOLLID 
ABSTRACT 
channels of approximately the same length (4 feet), 
ection, and radius of gyration, some of which were fabricated fron 
ections and reinforced by plug or fillet-welded plates, and some 
ich were unretnforced rolled channels, were tested as column 
free end The elastic properties, ultimate load, and character 
f fatlure were observed and related to the distortions cre 
ing or welding, which were small in most specimen The 
ince of plug and fillet welds to transverse shear a in 


INTRODUCTION 


HE purpose of these tests was to compare the prop 
erties of solid steel columns with those of columns 
built up by welding together their component parts 
A steel column which has been subjected to welding 
may have an appreciable crookedness resulting from the 
shrinkage of the weld metal when it cools. This shrink 
age also sets up local stresses which cause some parts of 
the column to reach the elastic limit before others, and 
so produce what is in effect a condition of eccentric load 
ing. Both these conditions are aggravated if the welding 
is asymmetrical with respect to a principal axis of the 
column section. Tests have been made on welded col 
umns{ which had a symmetrical cross section, and on 
which the welds were symmetrically disposed about the 
principal axes of the section. 
The present tests are an endeavor to show the behavior 
of non-symmetrical sections, namely channels in which 
* Summary of thesis submitted in 1933 by C. B. Voldrich and E. Sollid 
in the Department of Civil Engineering, University of Wisconsin Contri 
bution to the Fundamental Research Division, Welding Research Committee 
t Professor of Mechanics, University of Wisconsin 
} Slater and Fuller, ‘‘Tests of Riveted and Welded Steel Column Proc 
Am. Soc. C.E., 68, no. 7, September 1932 AMERICAN WELDING SOCIETY 
JOURNAL, 12 (2) 20-21 (1932) 
Wilson, W. M., and Brown, R. I Univ. of Illinois, Engg. Expt 


Bull. No. 280, 26 pp., Nov. 1935 Bierett, G., and Griining, G., Berichte 
I h Stahlbau, Heft 6, 22 pp. (1936 


Station 


¢? Ausschusses 


Channels 


the eccentricities created by welding are confined t the 


plane perpendicular to the web, and in which the radiu 
of gyration is small, Table Phe de f the spec 
mens 1s purely experimental 

lhe tensile properties of specimens nches wide cut 
from the rolled sections and plates l the direction ol 
rolling are given in Table 2 The gage length was S&S 
inches and a Moore extensometer (0.000l-inch Ames 


dial) was used ie channels were cut 


from the web 


Che specimens for t 
Mill scale was not remove 


Table 2—Properties of Tension Coupons from Column Steel 


t 
I } \ 
Column Coupon Limit Point I 
1] P-la 21 
i2 P 21 ‘ 
Bl pP-2 ~ j ) / 
B2 P-2 27 8.§ } 
> ) ) ‘ * 
P-2 27 j : 
Weighted Av: 22.7 { 
Cl P-1Xa 21.0 4 
C2 P-1X 25.0 i 19 2 
P-Aa 20.0 , 2 oO , Oo 
P-4 20 .{ 4 28 . 0 
Weighted Ave 21.3 4 8 29 i. 
D\ P-3a 25,0 1 29 § me 
D2 P-3 17.0 ) ? 
P-3 20.0 94 4 5k 9 
Average 20.7 1 .& 
El P y IS.0 ZY .2 au. é ) 
E2 P-5 is.U yA 2.4 5 
Average S| } yf j 


Proportional Limit, Yield Point and Ultimate Unit Load are 
given in thousands of pounds per square incl 
ticity is given in millions of pounds per sq 


Table 1—Data on Test Columns 


Area ol 
Length, Section, Least 7, Lea 
Column Type of Weld Inches Steel Used Sq. In In.‘ [r 
1 2 In 
Al Button weld in web 54.00 10-in. Channel 15.3 Ib 10.051 $. St 80.4 69 
10-in. by e-in. Pit 
A2 Same 53.97 Same 10.011 +. 56 f 80.4 69 
3/, In 
Bl Button weld in web 54.00 Same 10.094 1 56 67 an 4 69 
B2 Same 53.97 Same 10.099 4. Af 0.67 80.4 69 
3/, In 
Cl Fillet weld on plate 54.03 10-in. Channel 15.3 lb 9.771 4.48 6s 79.4 
9!/,-1n. by e-in. Pit 
C2 Same 54.00 Same 9. 7¢ $48 S 4 
/e In 
DI Fillet weld on flanges 53.81 10-in. Channel 35.0 Ib 10.178 +t f 80.4 H9 
2-in. steel lugs, . In 
thick 
D2 Same 54.00 Same 10.17 +f 8 69 
i] No welds 54.03 10-in. Channel 35.0 Ib 10.121 1.6 f RO. f 0.69 
E2 Same 54.00 Same 10.11 + ¢ f RO ) 69 
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Fig. l—Location of Tension Coupons in Channel and Plate Stock 


Used for Columns 


FABRICATION 


The plates and channels were cut 


, inch oversize t 


permit milling the ends to a final length of 54 inches 


Holes for plug welding were punched. 
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WELDING RESEARCH SUPPLEMENT 


Method of Fabrication of Columns 


The channels and plates for the several types of 
umns were cut from. rolled lengths as shown in Fi 
The channel stock for columns A, B and C had been 1 
some time previous to its being used; the channel 
columns D and E 
before being used. 

When the stock had been cut to the desired leng 
inches plus '/, inch for machining of the ends), holes 
punched in the web of the channels for columns of 
A and B, as shown in the column details, Fig. 2 

In welding the plate-and-channel columns, the 
parts were clamped together at both ends and at the 
ter. Welds were then placed in the order shown in 


) 


had been rolled only a few 


+ 
( 


Columns D1 and D2 were welded at intervals 
the toe of the flanges, as shown in Fig. 2. Steel lugs 
inch thick and 2 inches long were clamped to the insi 
of the flanges, and were then welded to the char 
The lugs served only as a base for the weld bead 
were not intended to build up the channel. 

Welding was stopped when half of the welds had | 
made on any one column, in order that excessive he 
of the sections might be prevented. 

Che approximate amperage and voltage used in wel 
ing each column were recorded, as well as the tim 
quired to make each plug or fillet-weld. These data 
given in Table 3. 

A standard commercial brand of coated weldins 
was used for all the welds. After the columns had 
welded, the ends were milled flat and as parallel to « 
other as possible. 

Sections were taken at random through welds « 
different types of columns after these had beer 
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Fig. 2—Details of Columns Tested 
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Volume of 
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© AS KoLLtO 
© WELDED 


Type of Weld Weld, Cu. In Seconds 
'/,-in. Plug 0.047 17 
-in. Plug 0.047 17 
;-in. Plug 0. 106 25 
;-In. Plug 0.106 25 
s-in. Fillet 0.140 24 
s-in. Fillet 0.140 26 
s-in. Fillet 0.140 25 
9 3/,-in. Fillet 0.140 25 
( Fl and £2, no welding. 
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Fig. 3—Change in Mean Crookedness at Center of Columns Due to 
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Fig. 4(a)—Relation of Crookedness to Slenderness Ratio 


Table 3—Welding Data 


COLUMN TESTS 


No 
Diameter ke 
of Weld 1) 
ing Rod, ( 
Inch Ampere \ l Wel 
1 
180 
The sections were surface-ground, polished with fin 
emery, and etched with a 10% solution of nitri id t 
bring out the welds and highly heated adjacent zon 
It was found that good penetration of the weld-metal 
into the channel and the plate had been obtained, both 
in the plug welds and in the fillet weld In the fillet 


welds, a very slight void or unwelded area was found at 


the root of the fillet, but the result wert t 
large enough to affect the strength of the 
CROOKEDNESS 

Crookedness of the columns before and after welding 
was measured in a direction perpendicular to the plan 
of the web. 

By means of three Ames dials attached to a stiff steel bar, 
the displacement of three sections of tHe column with r 
spect to the end sections was obtain Readings were 
taken on the back of the channel web before welding, and 
on the back of the plate (now the back of the web) after 
welding, on lines at the edges of the column and on the 


center-line of the web It was assumed that any 
edness or curvature of the plate would not 


crook 


affect the 


final curvature of the column after the plate had been 
welded to the channel, since the stiffness in longitudinal 
bending or torsion of the plate was very small 

Since the readings on the Ames dials were referred to a 


known level surface as a standard, the difference in the 
readings before and after welding was equal to the change 
in crookedness of the column perpendicular to the web, 


resulting from the welding 
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Fig. 4(6)—Relation of Crookedne to Ler 








The effective mean crookedness of the columns was 
taken as the average of the readings on the center sec 
tion of the columns at the edges. The crookedness at 
the center-line of the web was neglected. Figure 3 shows 
the change in the mean crookedness of the columns due 
to welding. Figure 4(a@) shows the relation between the 
mean crookedness and the slenderness ratio of the col 
umns, and Fig. 4(+) shows the relation between the 
mean crookedness of the columns and their length 

In the second progress report of the Special Committee 
on Steel Column Research (American Society of Civil 
Engineers)* a comparison is made between the mean 
crookedness, slenderness ratio and length of solid and 
riveted columns. The crookedness of these columns was 
due to rolling (and perhaps in part to riveting of the 
built-up sections), and was in some cases very high 
[he crookedness of the welded columns is comparable to 
the crookedness of the rolled columns described in the 
report of the Special Committee, and, with the exception 
of columns ))1 and D2, never exceeds that given by the 
Special Committee as the probable crookedness (e’ 
0.00067L), for any given length. 

Welding had a slight effect on the crookedness of 
columns Al and A2. The maximum change in crooked- 
ness was 0.02 in. in a direction causing concavity on the 
inside of the column web. 

Columns B1 and B2, with a greater volume of depos 
ited weld-metal, had a distinct change in crookedness due 
to welding. Column B2 had an initial curvature convex 
on the outside of the web, but welding caused this curva 
ture to decrease and, on the center line of the web, to 


become concave on the outside of the web. Colu: 
was fairly straight before welding; after welding 
was a maximum crookedness of 0.04 in. to 0.05 in 
direction of the inside of the web. The change i: 
edness of both B1 and B2 was a displacement of tl 
tral portion in the direction of the inside of the we 
change being caused by or accompanied by the s] 
ing of the plate in the longitudinal direction. 
Columns Cl and C2 also had a final crookednes 
vex on the inside of the web, due to a shortening 
weld beads and the plate, but the average chan; 
crookedness was not so great as in columns #1 and 
Columns D1 and D2 were subjected to welding 
toes of the flanges, this region being most remot: 
the neutral axis of the column section. The cont: 
of the weld beads caused a very large curvature 


direction of the outside of the web, the maximum de; 


ture from a straight line being about 0.08 in. at th 
length of the columns. 
Che crookedness of a column after welding prol 


depends as much on temperature differences at var 


zones on the section during welding, as on shrinka 
the weld-metal. This is especially true for the 
channel columns. 

It is difficult to analyze the effects of temperatur: 
of weld shrinkage separately. The crookedness is « 
partly by local welding strains, but this crookednes: 
in turn set up new strains, which combine with the 
ing strains to give the measured deformations 
relation between temperature differences and 
shrinkage is not known, and hence the proporti 
effect of each on the crookedness cannot be determi: 
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* Transactions of the American Society of Civil Engineers, 95, 1931 Pages 3° oa " , 
$90 to 1283 include ¢ Glecendien of the crockedness of columne Figure 5 shows the lateral alignment of the col 
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and after welding. Where the amount of weld 
was large, the change in crookedness was large 
pare Al and A2 with Bl and B2). When the dis 
‘between the plane of the welds and the neutral 
f the column was considerable, as in columns D1 
}, the change in crookedness was very large 
summarize, the crookedness of the columns due to 
¢ depends to an unknown extent on the following 


1 
} 


Character and magnitude of welding strains 
femperature differences in the column section 
Location of the plane of welds with respect to the 

tral plane of the column (that is, the asymmetry of 
weld distribution with respect to the neutral plane 


LOCAL STRAINS 


It was impossible to determine shrinkage stresses be 

use the columns could not be subdivided by sawing 
before column testing. An analysis of the shrinkage 
stresses in plug welded specimens of different shape has 
been made.! Nevertheless, an Olsen extensometer (2 

inches) was used to measure strains created by welding the 

columns. Strains were measured in the direction of the 

column axis at zone between and across welds, on lines 

along the welds. The readings were made at correspond 

ing points on both sides of the web of the column. Strain 

measurements were also made at the edges of the plate 
el and at the toe of the channel flanges, at zones near the 
t mid-length of the column, and at zones where the welds 
were closely spaced. 

The results showed that in the plug welded columns 
Al and A2 the highest strains occurred at the inside of 
the web, in the zone where the welds were closely spaced 
There was an elongation between the welds, and a short 
ening across the welds. The strains on the outside of the 
web along the line of the welds were low and negative in 
dicating a shortening of the plate in the longitudinal di 
rection. At the gage lines on the edges of the plate and 
at the toe of the channel flanges the strains were low, 
and with one exception, always a shortening. 

In columns Bl and B2, the volume of deposited weld 
metal was about twice that deposited in the welds of 
columns Al and A2, and the diameter of the welds was 
about 50% greater. The character of the strains on 
columns Bl and B2 is the same as in corresponding points 
mn Aland A2, but the strains in Bl and B2 are from 20° 
to 30% higher in most instances. The effect of volume 
of deposited weld-metal is evident from this comparison 


? i the strains in types A and B; its effect on the crooked 
ness of the columns is also distinct, and will be shown in 
the discussion on crookedness. 

Columns Cl and C2, with stitch-welds along the edges 
of the plate at the heels of the channel, were strained 

\ similarly to the plug welded types A and B. The strain 

\ is a lengthening between weld beads, and a shortening 

\ across the beads. At any given zone at the welded edge 


1 the column, the strain in the plate is usually much 
larger than the strain in the heel of the channel Che 
Strains in the toe of the channel flanges are low. 
Che welding strains in columns D1 and D2 were high 
at the toe of the channel flanges, across the weld 
; beads; at these points the shrinkage of the weld-metal 
used a marked contraction of the adjacent area. Bx 
tween welds on the flange toes there was a relativel\ 
light lengthening. At the mid-length of the columns at 
its on the heels of the channels, the strains were small 
t the center-line of the web, near mid-length, the strains 
re also very small. 
ark, R. J AS( E Pr 59 (1 January 1933 


; 
f 





COLUMN TESTS 





A rigid analysis of the effect f temperature difference 
in the plate and the channel, and of 1 rder of weldi 
is believed to be impracticable and wil t be attempted 
In columns D1 and D2 the strains and ct edi Lun 
to welding arise mainly from shri f the weld 
metal. In column types A, 5 and lifference in tem 
perature of plate and channel d ind the 
order of welding, will affect thi 1 distrib 
tion of strain Since the plate, after t first weld 
been made at each end, was fixed to the channel 
movement of the plate relative to tl hannel was p 
sible when additional welding was don Chis conditi 
resulted in strains which would not have occurred if the 
plate had been free to lengthen or shorten during welding 


as would have been the case if the plate had been welded 
progressively from the center toward the e1 
rhe tables of welding strains in | 6 and Table 
show that between welds there was an elongation of the 
metal. It is reasonable to assume that this elOngation 
is accompanied by an actual residual tensile stress, the 
magnitude of which, however, cannot be determined from 
the strain readings (due to the effect of plastic flow and 
possible overstressing beyond the yield point Phis 
tensile stress, if present, may closely approach the yield 
point of the material 


Table 4—Approximate Maximum Crookedness and Plastic 
Strain Values, Welded Columns 


\ ox. Ma 
Plasti strain 
Mark Kind Inches/Inch 
l '/,-in. Plug ). 0050 
12 in. Plug ’ 1046 
Bl ;-in. Plug 104 
H5 
8 
B2 in. P 1058 
H0 
Cl Fi with pla 123 
$4 
C2 Fil W pla 1) 
) Flange (lug 1) 
D2 Flange (lug 
El and £2, basi mtrol spe weld i id 
ing 
Note ym strain iXimun | l ‘ 
welds 
Note similarity of strain readings on id 
11 + A2), (Bl + B2) and (C1 and 


COLUMN TESTS 


Test Conditions 


Che columns were tested with their ends free to rotate 
about the axis of least radius of gyrati he ends of 
the columns were centered on roller-bearing blo 
that the minor centroidal axis of the end 


i 


cided with the axis of rotation of the bearing ry 


Ch - 

of action of the load passed through the centroids of the 

end sections: hence the columns were test: lw i 

tial eccentricity equal to the crookedne the colum: 
Strain measurements were made with a h O] 

strain gage at zones between and act welded secti 


and at the center of the colum 
zones at which strain measurements wi 


Fig. 7. The stress-strain diag 
the averages ol readings on thes 
tion. Two wire-wound dials atta 
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tion of the column; that is, the 18'/, inch length in- deflection was measured with an Ames dial reading | da 
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Fig. 7—Typical Column Test Set-Up Showing Location of Load-Strain 
Measurements 


0001 inch, connected to the inside of the column web at 
the center 
A thin coat of white Portland cement was applied to 
h column several hours before it was tested. The 


Cal 


purpose of this cement wash was to make visible any 
flaking of mill-scale on the column resulting from local 


vielding under load. 

lhe machine used for the column tests was of the hy 
draulic type, with a capacity of 600,000 Ib Che load 
was measured on the weighing beam of an auxiliary hy 
lraulic testing machine, the piston of which was directly 
onnected to the piston of the 600,000-Ib. machine by 
means of an oil line. The measured load was equal to 
the axial load on the column, neglecting any error which 
might have been introduced by the friction of the piston 
or the v iscosity of the oil. 

lhe load was kept constant while strain measurements 
were being taken. As a check on the constancy of the 
ad the readings on the wire-wound dials and on the 
leflectometer were taken at the beginning and the end 
t each series of readings 


R l 1S an Properties 


rhe proportional limit was taken as the point on the 
stress-strain diagram at which a distinct break occurred 
1 the curve 

lhe modulus of elasticity was taken as the slope of the 
line passing through the points on the stress-strain dia 
gram up to the proportional limit. The modulus of elas 
ticity, as obtained from strain measurements at local 
zones, is not necessarily the actual modulus of elasticity 
1 the material, since the value as obtained from strain 
readings may be affected by non-uniform stress distribu 
tion 

lable 5 gives the proportional limit and the modulus 
| elasticity, as obtained from the stress-strain diagrams, 
lor the five zones on each column. In addition to these 
data, the ultimate load on each column is given, and the 
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physical properties of the steel making up each column, 
as obtained from the coupon tests are listed 


Table 5—Physical Properties of Columns from Tests 


Prop Yield Modulus of Ultimat 
Column Zone Limit Point Elasticity Unit Load 
Al } 16.0 21.4 
12 16.0 1g 4 
13 16 
14 14, ‘ 
a 22.0 
4 
i2 4 sS.U ; 
12 12 () Q § 
13 1S_0 \ 
14 1S.( 
W 19. 
Bl } 
12 . 
13 12 
14 22 . 
li 14 
? i“? 
© 
B2 } 2 { 
12 i+ ] 
13 1.0 ; 
t e . 
7 
Av ipe if 
11, A2, J & B2 y. 
( + 
’ 
( - 
7 
Ave l ) 
( ind C2 7. 
Ay i oO 
t yu l 
, nd 1)2 Q 
| ~ 
} ) 
-* 4 
4 
Z } 15.0 
i 4 ] i? > 
Lo ly .0 
14 : 
TT 
Average of coupon 
é for columns 
El and £2 18.0 29.7 29 . ¢ 55.4 
Proportional Limit, Yield Point and Ultimate Unit Load are 
given in thousands of pounds per square inch 
Modulus of Elasticity is given in millions of pounds per square 


inch 
° \ terl k de notes that the proporti mal 
the ultimate load (no break in curve 
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DEFLECTION AT CENTER, PERPENDICULAR TO WEB IN INCHES at | 
Fig. 8—Lateral Deflection of Columns pe ; 
< 
irs 
Description of Failure 
. ; Table 6—Comparison Between Proportional Limit 
In all of the columns, failure was caused by a deflection and Strain Lines Tal 
of the column in a plane perpendicular to the plane of the ee ‘ : 
web. The final deflection occurred suddenly as the ulti- Sa In at Which oa ag ge ng - : 
mate load was reached, although impending failure First Strain Lines ; " Diagt ame 
could be detected in most cases by the increasing rate of Column Appeared Zone 
deflection as indicated on the Ames dial. Figure 8 shows 1 12 #13 «14 
the load-deflection curves for the columns. A 19 16 16 16 16 
In no case was there a failure in the welds, or a buck- A2 18 ig 18 18 18 
ling of the plate or channel web between welds, during = + ae ss Z é2 
the test. Cl 14 16 16 16 I 
‘ : : 2 6 6 6 16 
Strain Lines DI No strain tines until failure , | 
The coating of neat cement which was applied to the esa ae 
columns before they were tested afforded the opportunity ; : 
of detecting local yielding in the member only when a - 
coating of mill scale was present. The channels used in 
fabricating the columns had little or no mill scale, and 
therefore no visible strain lines developed on the chan- plate. The lines extended on the face of the plat: 
nels until very high yielding had taken place at or near ward the adjacent plug weld, Fig. 9. At higher | 
failure. At this point the cement wash flaked. continuation of the strain lines appeared on the 
The plates used in fabricating the columns of types A, the plate at 45° to the plane of the plate. Th 
B and C had a good coat of mill scale; strain lines de- lines appeared 10 to 15 inches from the ends of th: 
veloped on the plates at relatively low loads. umns. No lines appeared over the welds. 
It is probable that the channels were overstressed in In the columns of type C strain lines appeared 
local areas before the elastic limit of the column as a face of the plate about 1 foot from the ends of the ¢ 
whole had been reached, but no visible proof of this could and extended from the edge of the plate horiz 
be observed, because there was no mill scale on the chan toward the middle. The origins of the lines wer 
nels. In the interpretation of the following data on at which flaking of the mill scale occurred during « 
strain line development in the columns, this fact should after welding. At 15,000 Ib./in.? lines were obser 
be kept in mind. column Cl at the edges of the plate adjacent to al 
In columns of types A and B the first visible strain beads except those at the extreme ends of the « 
lines were horizontal and originated at the edge of the As the load was increased, the lines progressed h 
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Fig. 9Typical Development of Strain Lines on Button-Welded Col- 
nns of Type A and B. Lines Begin at Point A, Grow Inward to B on 
Face of Plate, and Downward to C on the Side of the Plate 
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tally toward the middle of the plate. Strain lines in 
clined at 45° to the vertical appeared on the face of the 
plate at a load of 20,000 Ib. per sq. in. These lines be 
gan at the edges of the plate adjacent to weld beads, or 
at the inside termination of horizontal strain lines, and 
crossed the face of the plate at 45°, to welds (or the ter 
mination of horizontal strain lines) on the other edge. 

A comparison of the unit load at which strain lines 
first appeared on the columns and the proportional limit 
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to internal effects, « the bendi 
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Table 7—Comparison of Initial Crookedness with Total Eccentricity, Deflection and Eccentricity Due to Internal Effects 
Bending Stresses at Extreme Fibers 


Total 
Eccentricity 
e, Calculated Eccentricity 
Mean Crooked Unit Load from Strain Deflection Due to Inter 
ness at Center, P/A Lb per Measurements, at Center nal Effect 
Column e’ in Inches Sq. In Inch Inches é;, in Inches 
Al +1) 034 14,000 +() 115 +() 02 ( aw 
A2 -() O04 14,000 -() O38 +0 O16 ) 029 
Bl 0.038 14,000 0.025 0.004 2] 
B2 +-(). 007 14,000 0. O4€ tO0.011 ) 
C1 0.008 14,000 -() O19 ) OO9 5 
C2 0.025 14,000 0.022 0.015 4 
D1 LQ O65 14,000 +-() 3 + O.029 i 
D2 +0. O85 14,000 0.094 7 
El 0.012 14,000 O05 5 
k2 +() O25 15,000 L() O60 0.011 1Q 
Eccentricities of Welded Steel Columns 
Eccentricity from the Secant Formula 
P/A P/A 
14,000 Ult. Load 
0.177 \2r 
0.177 ) 1g 
0.636 0 ORS 
0.636 45 
0.618 0.07 
0.618 d 
0.148 { 
0.148 
0. 256 61 
0.256 1Q 
Note on crookedne 


Negative sign denotes con 


ivity of specimen, 
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This formula gives the stress at y distance from the 
neutral axis. Assuming the intensity of stress to 
vary as the distance from the neutral axis, the bend- 
ing stress on the extreme fibers (toe of flange) is 
easily found. 

(2) from strain measurements taken at the center of 
the column on the toes of the flanges (these gages 
are not shown in Fig. 10(d). 


Bending stress Ed P/A 


where 29,000,000 Ib. per sq. in. 
d deformation on extreme fibers 
at the load P/A. 


The actual ultimate loads for columns Bl and B2 were 
about 5% and 17% higher, respectively, than the calcu- 
lated ultimate load. 

The actual ultimate loads for columns D1 and D2 were 
about 11% and 18% lower, respectively, than the cal- 
culated ultimate load. 


Calculation of Theoretical Ultimate Load 


Table 8 gives the comparison between the actual ulti 
mate unit load and the ultimate unit load calculated 
from the formula 

P/A = Sy — C(L/r)? 
where Sy is the yield point of the steel, 
Ib. per sq. in., as obtained from 
the coupon tests 
C is a constant depending on end 
conditions, eccentricity, etc. 
L/r is the slenderness ratio 


The factor Sy used in the formula was the average of 
the yield point values for all columns. The factor C 
was first computed for each column by substituting in 
the formula the Sy, L/r, and actual P/A for that column 
and solving for C. The average value for C for all 
columns was then found, and this value, along with the 
average Sy, was used in computing the theoretical P/A. 

Table 8 shows that in columns Al and A2, and £1 
and F2, the calculated and actual ultimate loads are in 
good agreement. 

The actual ultimate loads for columns Cl and C2 were 
about 5% higher than the calculated ultimate loads. 


Table 8—Comparison of Actual Ultimate Unit Load on 
Columns with the Ultimate Unit Load Calculated 
from the Formula 


P/A = Sy — C(L/r)? 


Yield 

Point Actual Calculated 

from P/A P/A Using 

Coupon from C from Average 

Tests Column the Above Values of 

Column Sy Tests L/r Formula Sy and C 
Al 35.5 24.0 80.4 1.78 24.7 
A2 35.5 23.5 80.4 1.86 24.7 
Bl 35.5 25.9 80.4 1.49 24.7 
B2 35.5 29.0 80.4 1.01 24.7 
Cl 34.8 26.3 79.4 1.35 24.9 
c2 34.8 26.3 79.4 1.35 24.9 
D1 31.8 22.0 80.4 1.52 24.7 
D2 31.8 20.1 80.6 1.80 24.6 
Fl 29.7 24.1 80.6 0.86 94.6 
E2 29.7 25.0 80.6 0.72 24.6 
33.5 (average) 1.37 (average) 


Yield Point and Ultimate Unit Load are given in thousands of 
pounds per square inch 
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The Influence of Welding on the Behavior of the Colu 

The effects of welding on the mechanical properti: 
the columns tested may be divided into two part 
the effect of local welding strains on the properties 
adjacent area, and (2) the effect of crookedness dy 
welding on the column as a whole. 

Initial stresses in a column may cause local yield 
some zones at relatively small axial loads. The st: 
strain diagrams showed that the proportional limit 
some zones was very low; this may be the result of 
overstressing due to welding, but the inherent prope: 
of the material in those zones may also have bee: 
as to give the low proportional limit. 

These tests would seem to indicate, however, that t 
is no definite relation between the initial stresses and | 
ultimate strength of the columns. The maximum | 
carried by some of the welded columns were i: 
greater than the maximum loads carried by the 1 
sections #1 and #2. In making this comparison be 
tween different columns it has been assumed that th: 
properties of the steel entering all of the columns wer 














P Fig. 1 
same. The coupon tests showed that the yield point 
the modulus of elasticity were fairly uniform for all s 
tions of the columns, although the proportional | are ¢ 
showed a greater variation. two 
Although the effect of initial stresses due to welding 
the ultimate strength of columns may be negligibl 
influence of crookedness due to welding on the acti Tabl 
the columns under axial loading must be given som: 
sideration. 
In so far as the initial stresses cause crookedness, t! 
affect the column strength; hence, it is not entirely cor Coh 
rect to say that the welding stresses have no influenc: A 
the behavior of the columns. But if we consider crool A 
° ° - . 11 i 
edness as a distinct result of welding, due only partiall ~ 
to welding stresses, then we may discuss the effect of 
crookedness, as such, on column strength. ( 
It will be seen that the crookedness of two of tl I 
columns, B2 and Cl, was greater before welding tha t 
after welding. Here the effects of welding, as far as th F 
Yt 
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Fig. 10—Location of Strain Measurements 
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JET LP FOR SHEAR TEST OF WELDS 


Fig. 1l—Method of Loading End of Column Section to Produce Shearing 
Stress in End Welds 


are confined to crookedness, were beneficial, since these 
two columns carried relatively high maximum loads. 


Table 9—Comparison of Initial Crookedness, Direction of 
Failure and Ultimate Strength of the Columns 


Initial Mean Ultimate 


Crookedness Direction of Final Unit Load 

at Center, Deflection in Kips per 
Column in Inches (Sign) (Toward) Sq. In 
Al t-() 034 + Web 24.0 
A2 +-(). 004 + Web 23.8 
Bl 0.038 . Flange 25.9 
B2 +O .007 Flange 29.0 
Cl 0.008 Flange 26.3 
C2 0.025 Flange 26.3 
D1 +0.065 + Web 22.0 
D2 +0. O85 + Web 20.0 
El 0.012 - Flange 24.1 
E2 + 0.025 - Flange 25.0 


Where the crookedness due to welding was very large, 
as in columns D1 and D2, the maximum load was low 
However, column A2 had almost no initial crookedness, 
but it failed at a load only 10% higher than column D1. 

Table 9 lists the initial mean crookedness, direction of 
failure, and the ultimate unit load for each column. An 
interesting fact brought out by a comparison of the data 
in this table is that those columns which failed in the 
direction of the web (A1, A2, D1 and D2) had the lowest 
ultimate loads. The other columns, failing in the di 
rection of the flanges, carried higher loads. 

Columns B2 and £2 failed in a direction opposite to 
the direction of initial mean crookedness. Both of these 
columns had a higher ultimate strength than their re 
spective counterparts, Bl and £1, which failed in th 
direction of the initial crookedness. 

Columns Cl and C2 had initial crookedness of 0.008 
inch and 0.025 inch, respectively, in the same direction, 
but both columns carried the same maximum load 

It is certain that a column with a very large initial 
crookedness will fail under a smaller load than a column 
with a relatively small initial crookedness. It is impos 
sible, however, to furnish a criterion for maximum allow 
able crookedness from the results of tests on ten columns 
lhe behavior of columns B2 and E2, whose deflection re 
versed in direction during loading, and the apparent in 
fluence of the direction of failure on ultimate strength, 
seem to indicate that the load-carrying capacity of the 


columns was influenced by some unbalanced conditior 


on the column section It may be that the physical 


properties of the material in the flanges were sufficiently 


different than the properties of the web material to caus« 


an unequal yielding in these zones (independent of ini 
tial stresses). This action if large enough would i 
fluence the direction of deflectio1 , and may also « xplain 


the relation which seems to exist between the direction 
of failure (and hence the character of the bending stresses 
in the flanges and web, respectively) and the ultimate 
strength. 

The only safe conclusions which can be reached re 
garding the effect of welding on crookedne and the in 
fluence of this crookedness on column strength, on the 
basis of these tests, are 


l If the welds are asymmetrically disposed about 
the column section, the crookedness of the column will be 
changed; this change is probably mainly due to shrink 
age of the weld-metal and to local heating and cooling of 
the base metal. 

2. Welding, whether it be symmetrical or not, may 
change the longitudinal alignment of the column, if 
there is a sufficient difference in temperature in different 
zones of the column section during welding Chis is 
especially true where the column is composed of several 
parts which are welded together 
3. Crookedness due to welding, combined with other 
conditions, such as local yielding (not necessarily due to 
welding stresses) and the inherent eccentricity of the 
column section, will influence the action of the column 
under axial loading, and may decrease the maximum 
load that the column can carry 

1. The crookedness of the welded columns, while 
greater than that of the two rolled columns here tested 

E1 and £2), is of the same order of magnitude as the 
crookedness of rolled and riveted column A study of 
the data on the crookedness of rolled and riveted columns? 
shows that even columns D1 and D2, with welds so placed 
as cause maximum possible crookedness, were no more 
crooked than some rolled sections The comparison 
was made on the basis of the relation of crookedness to 
length of the columns 


TRANSVERSE SHEAR RESISTANCE OF THE COLUMNS 


An attempt was made to determine the approximate 
resistance to transverse shear of the plug-welded columns 
Al and B1, and the fillet-welded column C1, by subject 
ing the columns to a high transverse shear at the end 
section including one welded zone (two welds Che 
horizontal shear due to the loading as shown in Fig. 11 
is transmitted to the plate from the channel through the 
two welds. Yielding or failure of the welds due to this 
horizontal shear was determined by the first appearance 
of an offset between plate and channel at the milled end 
of the column 

Che loads were recorded at which first offset and a di 
tinct offset could be determined The approximate 
shearing stress on the welds at the recorded loads wa 
calculated as follows 


Total shear at welded section (equal to the total hor 
zontal thrust on the plate at the sectio1 


Va / 


moment due to the applied load, in.-lb 
area ol plate, $q. 1n 


where \/ 


distance in inches from centroid of plate t 
centroid of column section 


2Second Progre Report of the pecia yrmmrmittes te t 
Research, Transactions of the American ciety f ( Leng r 95 


pp. 1230 to 1233, and Fig i 





1938 COLUMN TESTS 41 





l moment of inertia, in.‘, of the column sec 
tion. 
The unit shearing stress on the welds is equal to the 
total shear V divided by the area of the welds at the sec 
tion (circular area of plug-welds, or area at the throat of 


the fillet-welds 


S | 
where unit shearing stress on the two welds 
V total shear at the sectio1 
a. area of two welds. 


Table 10—Transverse Shear Resistance of Plug Welded 


Channels 
Calculated Unit 
Area of Two. Shearing Stress, 
Column Load Recorded at Welds, Sq. In Lb./Sq. In 
Al First offset 0.40 61,000 
Distinct offset 88,000 
Snap in weld 157,000 
Bl First offset 0.88 54,000 
Distinct offset 70,000 
Cl First offset 1.00 16,000 
Distinct offset 58,000 


The results of these tests are given in Table 10. "#™% 

The flanges of the columns began to fail in bearing at 
loads which caused the first offset. The results are there 
fore affected by the friction of the flanges and the friction 
of the plate on the channel; that is, this friction affected 
by an unknown amount the loading equilibrium, and the 
calculated shearing stresses may be somewhat in error. 


SUMMARY OF RESULTS 


1. In general, both plug and fillet-welds caused a 
shortening of the metal at sections across the welds, and 
a lengthening of the metal between welds. In the plate- 
and-channel columns, welding caused a shortening of the 
plate both in the sections across and between welds. 
The welding strains on the flanges of the columns were 











low except in D1 and D2, which were welded 

flanges. The greatest welding strains occurred at 

the center of the heavily welded region (welds cl 
spaced 

2. During column tests, strain lines first appear: 
the plates (column types A, B and C) in welded sect 
beginning at the edge of the plate and developing i 
as the load was increased. No distinct strain lin 
mation occurred between welds or welded sections 
load at which strain lines first appeared correspo. 
approximately with the load at which the proport 
limit in local zones was reached 
3. Welding caused a longitudinal warping or cr 
ness in all columns. This crookedness due to we! 
was greatest in the columns which were welded o: 
flanges (D1 and D2) and least in the columns with 
plug welds (Al and A2). 

!. The crookedness of the welded columns comp 
in magnitude with the crookedness of rolled and ri 
columns. With two exceptions ())1 and D2) the ct 
edness due to welding was considerably less than 
which might be expected due to rolling or riveting 

5. The amount of initial crookedness influenced m1, 
magnitude of the deflection under load, but the final cd N 
flection was not in all cases in the direction of i 
crookedness. Since the crookedness of the wel 
columns is comparable to that of rolled and riveted s 
tions, any effect of the initial crookedness on the ultimat: 
strength of the welded columns should not be classed as y 
purely an effect of welding 
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and Bend lests on Light Metal Welds 


By A. MATTING and H. KLEIN 


being in existence, the Welding Research Com- 
mittee of the German Society of Engineers (VDI) 
sponsored research on welds in pure aluminum (com- 
mercial purity), KS-Seewasser (1.3 Mn, 2.2 Mg, 0.7 Si, 
0.2 Sb, rem. Al), Hydronalium Hy 25 (5 Mg, rem. Al) 
and Elektron Am 503 (1.5-2.0 Mn, 0.3 Si, rem. Mg) 
0.08, 0.39 and 0.79 inch thick. 
The specimens are shown in Fig. 1, the welds being 
machined flush. Hydrogen or acetylene with suitable 


N' standard testing procedures for light metal welds 


* Abstract of a paper from the Materials and Welding Institute of the 
Technical College, Hanover, Germany, published in Autogene Metalibear- 
beitung, 31 (13) 205-209, July 1, 1938. Abstracted by G. E. Claussen. 
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flux was used. The filler rods were of the sam: 
position as base metal. No scarfing was used for 
inch sheet. The 0.39 inch welds were V; the 0.79 
welds were X. The welded plates were 12 inches 1 
direction of rolling and 16 inches in the directior 
welding. 

The welds attained the same strength as full-ann 
base metal, Table 1. The more rapidly executed w 
in sheet were stronger than those in thicker mat 
The strength of the Elektron welds was between th 
castings and soft annealed sheet. Fracture was sud 
and coarse grained, the yield strength of base meta! 
being attained. 
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l—Results of Tension Tests 
DD 
Plate rensile Strength, Lb./I1 Fra \ 
rhickness, Condition of specimen A 120 Specimen A 120 M ’ 
[ ial Inch Base Metal Parallel Section Reduced Section W 
ally Pur 0.08 Hard Unwelded 22,400 22,000 
0.08 Hard Welded 11,700-11,800 10,804 Qi 
0.39 Medium hard Unwelded 17,500 18,901 
0.39 Medium hard Welded 11,400—-11,901 “ 
0.79 Soft Unwelded 13,000 3,000 
\ inum 0.79 Soft Welded 11,200-11,700 11,100-12,20 
K wasser 0.08 Hard Unwelded 15.20) 13.400 
\ ig-Mn) 0.08 Hard Welded 29, 200 31,400-32,400 i4 { 
0.39 Medium hard Unwelded 30,400 32,100 f M) 13 ¢ 
0.39 Medium hard Welded 25, 600-27 ,204 28,300-28,500 | . 100) 8 
0.79 Medium hard Unwelded 30,800 32,400 
0.79 Medium hard Welded 24, 300—25,300 24.600-26,200 1K) r 
ronalium Hy 25 0.08 Soft Unwelded 29,300 29,300 8 SOK 19.1 
\l-Mg 0.08 Soft Welded 28,900—29,200 32,200—-34,500 79 200) | 
(hammered) 
0.39 Soft Unwelded 31,300 32,400 S000 21.4 
0.39 Soft Welded 25,200-28,200 26,700 aM) 14 
0.79 Soft Unwelded 27,400 6,100 
0.79 Soft Welded 23,700—25,600 25,700—26,900 0 11.800 ~ 
Elektron Am 503 0.08 Unwelded 34,400 36,000 on 
Mg-Mn 0.08 Welded up to 21,300 up to 22,000 0 
0.39 Unwelded 30,400 32,300 5.600 , 
0 39 Welded 17,900 22,200 17,200—20,500 ( 
0.79 Unwelded 28,500 28, 500 28 
0.79 Welded 15,900 17,900 16,100 t 
r 
\ 
A SPECIMENS FOR TESTING THE WELDED JOINT 
PARALLEL 
SECTION REDUCED SECTION BEND SPECIMENS On the basis of the present tests and those made by 
. = Se Ka _ —_ 0 Feldmann (Metallwirtschaft, p. 1299, 1937), it is plain 
that the length of parallel section must be sufficient to 
08 permit fracture to develop in the heat-affected zone, 
which is the weakest part of the joint in Al-Mg-Si and 
032" . 
os* 44> lage ~doek 19-1} 1.527) Al-Mn alloys and, if the weld is not machined flush, in 
| . M 
| pure Al and Al-Mg-Mn alloy as well. Al-Mg alloys 
; oe may also fracture in the heat-affected zone but Al-Cu 
i 4 . ' + + . 
a . - = ™ Las. e. i. BR Mg and Elektron alloys always fail in the weld. Even 
x 3 3 ij = we = - —— machined welds in Al-Mg-Mn sheet may fail in the 
B) Noa 045 eta skites heat-affected zone, Fig. 2. Hence, the short or long 
| DIN 1605 specimen is preferable to the A 120 specimen 
os . The width of the specimen should be 2 to 2'/», times the 
SR thickness, Fig. 3 
SPECIMENS FOR TESTING WELD METAL 
t = = 
The specimen shown in Fig. 4 forces fracture in the 
PARALLEL REDUCED iad ; ; ad . ' 
ani ee tamed. de | ann weld for all thicknesses 
aoiaien poe pene OIN4900 specimEN 
~ oe 
5 a2 
= = | | RIGINAL HARDNESS 
12 12° em 4 > 4 + + ; 
_ w 8 i , | | } | | 
4 
a ; + } SF . 4 
ra ¢ 
KS- sser O 
Q ose | <, ‘S Seewas 2 8 in 
a I 
rw 
J : 4 | 
o8 oo oe ae ee eS ae a ae Se oe es x etree tr 
= uJ 
za i FIGINAL HARONESS 
_— - +-- 5O ena . . 
3 ‘ 2. ee ee , ee 
! | KS-Seewasser O40n 
j > ~ + + + + + . + { 
TT TT TTYTTT TTT Ty Ty WHhiioiiwiw iii 
44 36 28 20 1204 04 12 20 28 36 
B ~ - ( « o 
Pig 1—Specimens for Material (A) 0.08 and (B) 0.39 Inch Thick. (Corre- Fig. 2—Brinell Hardness of Welded KS-Seewasser 8 and 0.39 Inch 
sponding Specimens Were Used for Material 0.79 Inch Thick.) Thick. Dotted Line Is Hardness of Unaffected Base Meta! 
BER 
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Thickness, Inch 


Less then 0.04 

0.04 to less than 0.06 
0.06 to less than 0.08 
0.08 to less than 0.14 
0.14 to less than 0.20 
Over 0.20 to 0.32 
Over 0.32 to 0.39 
Over 0.39 





Fig. 3—Specimens for Testing the Welded Joint 


Type of Parallel age 
peci Length Width Length, Length 
men Inch Inch Inch Inch 

1 about 8.7 0.59 about 4.7 1.6 
1 about 8.7 0.59 about 4.7 z 
1 sbout 8.7 0.59 about 4.7 9.4 
2 about 8.7 0.79 about 4.7 3.2 
? about 8.7 0.79 about 4 4 
2 about 8.7 0.79 about 4 9.8 
2 about 8.7 0.79 about 4 3.2 
about L. x 2 x Thick L + wiath 5 65V F 
100 ness 
F. = Cross section in sq. mm 


YIELD STRENGTH AND ELONGATION 


In view of the presence of several zones in welded 
joints in light alloys, the yield strength (0.2% offset) 
and elongation are not important. For example, the 


Le 








i 

T 

| 

| 

! | 

: ( 

1 —— 

| 

GyG Rr 






































44 





WELDING RESEARCH SUPPLEMENT NOVEMBER 





softened zone may be undesirable, yet the elong 
would be unusually high. If the elongation is measured 
over successive intervals of 0.2—0.4 inch a “step” cury 
Fig. 5, may be drawn which is more informative tha 
over-all measurement. 


BEND TESTS 


Be taal 


Specimen A 121 in Fig. 1 is satisfactory, as show: 
the results in Table 2. Since buckling of the bar out 
the middle was not observed in light metal welds, ¢! 
reduced section bend specimen is superfluous. Th 
latter specimen yields 5 to 10° lower bend angles tha 
the unnotched A 121 specimen. The bend test is 
considered so good an indication of ductility in light 
metal welds as the elongation in the tension test. Th 


























fracture of the bend specimen is useful in studyir 
porosity, flux inclusions and other defects related 
welding technique. 
Table 2—Results of Bend Tests r 
Bend Angle, Degr a 
I nwelded 
; Base Metal A wt 
rhickness Condition of Bar Notched Bar > 1 
Material Inch Base Metal A121 Bar Al2 dal 
Pure Aluminum 0.08 Hard 180 180 180 g in 
Pure Aluminum 0.39 Medium hard 180 180 
Pure Aluminum 0.79 Soft 180 Ri) Ol 
KS-Seewasser 0.038 Hard o4 +6 is | 
KS-Seewasser 0.39 Medium hard 180 4 a 
KS-Seewasser 0.79 Medium hard 97 14 el 
Hydronalium (Hy 25 0.08 oft 180 180 85 
Hydronalium (Hy 25 0.39 soft 180 68 ul 
Hydronalium (Hy 25) 0.79 oft 180 4. hi 
Elektron (Am 503 0.08 60 52 } 
Elektron (Am 503 0.39 28 ta 
Elektron (Am 503) 0.79 29 o 
ai 
ul 
th 
b : 
tl 
eo 80 
= ; pt 
Zz 504 Ww 
3) 
q $0 4 O] 
UO W 
Z 30 3 
~ | 
W 20 4 
404 
° $1 
16 12 08 O4 O OA OB 1.2 16 IN I 
Cc em 








Fig. 5—'‘‘Step’’ Curve of Elongation in Successive Intervals of 
Along a Weld in Pure Aluminum 
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THE EFFECT OF CURRENT, PRESSURE 





and lime on the Shear Strength and 
Structure of Spot Welds in the 


By G. O. HOGLUND and G. S. BERNARD, JR. | 


HE spot-welding characteristics of the aluminum 

alloys, because of their high thermal and electrical 

conductivity, are quite different from the spot 
welding characteristics of many other materials. This 
difference is manifested, both in the setting of the weld 
ing machine, and in the effect of the machine settings 
on the size and strength of the welds. Spot welds in the 
aluminum alloys consist of a zone of cast metal, roughly 
elipsoidal in shape, which is intimately bonded with the 
unmelted metal of the parts joined. The passage of a 
highly concentrated electric current through the resis 
tance of the work results in rapid heating and melting of 
aluminum, and the subsequent solidification of this metal 
under the pressure of the welding electrodes results in 
the formation of the weld. The size and strength of this 
weld is influenced by many factors and it is the object of 
this paper to show the effect of several of the more im 
portant welding variables on the shear strength of spot 
welds in aluminum alloys. 

There are seven variables affecting the shear strength 
of spot welds in aluminum; three of these are associated 
with the material welded, and the remaining four are 
associated with the setting of the welding machine 
Che three work variables are: 


1. Alloy and temper of the material 
2. Thickness of the material 


3. Condition of the surface of the material 


Che four machine variables are: 


* Paper presented at Annual Meeting AMERICAN WELDI c . 
ict. 16 to 21, 1938 Contribution to Industrial Research Division of Weldin 
Research Committee 

? iminum Company of America, New Kensington, Pa 


Ya" Dia. Removable 
L£lectrodes 


1° Dia. Holder 








Fig. 1—Electrode Arrangement Used for Spot-Welding Tests 


Aluminum Alloys 





Fig. 2—Spot-Welding Equipment for Welding Aluminum Alloys, Showing 
Electronic Timing Control 


1. The time of duration of welding current 
) he pressure applied to the welding electrode 
Che current used in making the weld 
t. The shape of welding electrode in contact with the 
work. 


[wo of these variables, the condition of the surfaces 
the material welded, and the shape of the welding el 
trode, are independent of the thick: ind grade of the 
material welded. Consequently it was possible to « 
tablish and use throughout the tests the same method of 
surface preparation and a tip shape that provided cor 
sistent pressure and current distributior All of the 
specimens were prepared lor weldiu by ipply it i 
hydrofluoric acid etch to remove thi rface oxide coat 
ings 

Phe shape of the electrode tip determines the distri 
bution of current and pressure in the weld and this shape 
must be uniformly maintained if « tent welds are to 
be obtained A cone shaped tip WI 1 Fic , 
widely used in production on alun 1] parts and 
was used throughout this investigat 

he general procedure adopted to determine the effect 
of the welding variables was carried follows he 


effect of time on shear strength wa est ited first tor 


several thicknesses of two of the all ()n the basi I 
these tests, times were selected for riot thickness¢ | 
material and the subsequent worl licated that th 
values chosen were suitable for al th Weld 
were then made in several thickness: e alloy t 
determine the effect of current and pressure, and current 
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For Material .05/° & Heavier 
Fig. 3—Spot Weld Test Specimen 


values and a range of pressure was established for each 
thickness. Using welding currents suitable for each 
alloy and thickness, pressures covering the range selected 
above and the welding times as described above, welds 
were made on 0.020 inch, 0.032 inch, 0.051 inch, 0.081 
inch and 0.125 inch thick materials in each of the alu- 
minum alloys. These last tests were used in determin- 
ing the strength of welds and the machine settings for the 
materials shown in Table 2. 


DESCRIPTION OF EQUIPMENT 


All of the welding described in the paper was per- 
formed on an air operated, scissors type welder rated at 
200 kva., 440 volts, 60 cycles. The welding transformer, 
of low-reactance design, delivers a maximum current of 
37,400 amperes in a secondary circuit consisting of 
aluminum channels 36 inches long and spaced at 3%/s 
inches. The welding current is adjusted by means of a 
5 x 4 tapped autotransformer giving 20 current steps 
from 5200 amperes to 37,400 amperes. The open circuit 
secondary voltage varies from 1.73 volts to 13.1 volts. 

The welding pressure is adjustable by means of an air 
storage tank and air regulator. The tip pressure is 
determined by multiplying the unit air pressure by the 
area of the air cylinder and the mechanical advantage 
of the lever system between the tips and the air cylin- 
der.* Constant pressure during the weld is insured by 
delaying the application of welding current one second 
after applying air to the operating cylinder. The tip 
pressure is removed approximately 0.1 second after the 
cessation of welding current. 

The welding time is controlled by an electronic weld 
timer employing sealed off ignitron tubes for the control 
of primary current supply to autotransformer. This 
timer, shown in Fig. 2, provides adjustment of the time 
of current dwell in one-half cycle steps from one-half 
cycle to thirty cycles. Each alternate weld is started 
at opposite polarity of welding current to prevent satura- 
tion effects when using an odd number of one-half cycles 
of welding current. The phase angle of ignition of the 
ignitron tubes is controlled by a heat control dial. This 
dial was set at 73°, the power factor angle of the welder, 
so that full sine wave welding current with minimum 
transient was obtained. 

Accurate duplication of welding current and time was 
insured by the use of a photo-electric device' that gave 
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For Material Up To .O5I” 
Fig. 4—Spot Weld Test Specimen 
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an audible signal if either value changed after starti: 
welding. 

Before any welding was performed the welde: 
calibrated for value of welding current at each aut 
setting.“ A recording time meter was used to chec} 
time setting. Figure 2 shows a typical spot-wel 
installation for spot-welding aluminum. 


DESCRIPTION OF MATERIALS WELDED 


By combining other metals with aluminum, all 
are produced to meet the requirements of the 


applications for this material. Commercially p 


} 


aluminum may contain up to about 1% of other element 


principally iron and silicon. This material in the 
nealed condition has excellent forming qualities, 


relatively low mechanical properties. The strength may 


be approximately doubled by cold working. 


addition of other metals to form alloys offers anothe: 
means of increasing the strength and hardness of alumi 
num. Certain of these aluminum alloys, when sub 
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Fig. 5—Effect of Time of Current Dwell on the Shear Strength « 


Welds in 52S-'/:H Sheet. All Surfaces Etched. Electrode Tips I: 


Diam., 7° Cone 


Curve No 1 2 3 

Sheet thickness 2.021 In 51 In J.Q65 In 

Welding current 4,000 Amps. 25,400 Amps. 95,400 Am, g 
Electrode pressure 200 Lb 800 Lb 800 Lb 8 


jected to appropriate heat treatment processes, shov 
remarkable increases in tensile and yield strength, and i 


hardness. 
The spot-welding characteristics of aluminum 


affected to some degree by the addition of the alloy: 
materials. The strength of the spots is also affect: 


although not in the same proportion as the strengt! 
the materials welded. 

Throughout this paper the materials are referred t 
the Aluminum Company of America designation. C 


position, mechanical properties and physical proper' 


of the materials welded will be useful to those 
familiar with these alloys and are shown in Tables 
and 3. ' 


TESTING OF WELDS 


Spot welds in aluminum possess maximum stre! 
when loaded in static shear. Because of the diffi 
in determining accurately the boundary of the wel 
area after failure and the difficulty of measuring 
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1—Nominal Composition of Wrought Aluminum 
; = eS ee ee es ee Alloys* 
Per Ce f Alloying El 
T T > | Impurities ¢ 
a 2 Alloy Lo] ‘> Mar \ 
2c 
| — -¢ -———- ~+—_ - -+ --—_ -*- Ze 
: | —— ee | | ee 4 : 
be | 14 
S ‘ + + a. 4 Hea Treat 1 W 
? nd not vary f 
n | | 
; {——-} + — + 
" ’ T | ; ae 
_ | 
& | | = = oe ee 
0 “ 8 /2 /€ 20 24 
Time OF Current Dwell In Cycles , 
-eane Table 2—Typical Mechanical Properties of Wrought 
I 6—Effect of Time of Current Dwell on the Shear Strength of Spot Al Allov 
Welds in Alclad 24S-T Sheet. All Surfaces Etched. Electrode Tips SUSTUNU SOE 
Inch Diam., 7° Cone 
1 Viel 
, : ‘- — Stre ngt 
200 Lt Set Ultima 
Alloy 29, Streng | 
and Lb LI I 
area, the strength is determined in total load per weld emp Sq. In Sq. it ji 
rather than in pounds per square inch of weld area <5-O Ls 
; : ; : ~ ‘ »S 14,000 17 
The weld specimen used is shown in Figs. 3 and 4 oS -H H on - 4 
[his specimen contains two spots in line and is of suffi 2c C ; af , 
\ ient width to develop the full strength of the welds S-1/.H Is 2] . 40 
Spot spacing and edge distance are also sufficient to 3S-H 25,00 29 
prevent any significant lowering of weld strength from 52S-O 14,00 29,01 8,00 
shunting of welding current or from mushrooming of the 025-"/ 4H 26,00 34,0 : 
spots at the edge of the sheet. ae - : a 2 : = 
The use of a two-spot specimen minimizes the danger 59S. H_ 6.00 11.000 : . 24.00 
of subjecting the welds to torsional loading in testing. 538-0 7,00 Lf 11,00 
Due to the possibility of the welds not dividing the load 53S-W 20,000 53,0 2 
equally, the weld strength may be slightly lower than the 535-1 33,000 9, : 24 
strength obtained from single-spot specimens. The Alclad 17S-Tf 33,000 ot . 
° . ° e . ( ») T ] inn) ri) 4 } 
variation in strength of welds will be reduced somewhat clad 245-1 41,0 = 
d by the averaging effect of two welds. rhis table contains only th — : “nage 
rt} tig. i F ; Ned 3 . - were made. Other aluminum alloy Ly | welded 
n¢ two spot specimens were pulled if an simsier t Alclad material consists of high purity al ating on 
tension testing machine. A head speed of 0.2 inch one or both surfaces and rolled integral wi uterial. ¢ 
per minute was used and is the value generally used in _ ing thickness is usually 5.5% of sl 7 


testing aluminum alloy sheet specimens. 





Fig. 7—Microstructure of Spot Welds 


Fig. 8—Microstructure of Spot Welds Fig. 9—Microstructure of Spot Welds 

in 0.020 Inch 52S- Mag. 10X in 0.051 Imch 52S-'/:H, Mag. 5 X in 0.051 Inch—Alclad 24S-T, Mag. 5 X 

I 10,800 Amps., P = 200 Lb. Tips I 25,400 Amps., P 800 Lb. Tips I 25,400 Amps., P 300 Lb. Tips 
s Inch Diam., 7° Cone s Inch Diam., 7° Cone Inch Dian Cone 
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Fig. 10—Effect of Electrode Pressure on the Shear Strength of Spot Welds 


in 0.025 Inch, 52S-'/2H Sheet. All SurfacesEtched. Tips Inch Diam., 
7° Cone. T 6 Cycies 
Curve N 1 2 3 
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Fig. 12—Effect of Electrode Pressure on the Shear Strength of Spot Welds 
in 0.081 Inch, 52S-'/sH Sheet. All SurfacesEtched. Tips*/s Inch Diam., 
7° Cone. T = 12 Cycles 


Curve No 1 
Welding current 23,500 Amps 


4 


25,400 Amps 28,000 Amps 31 Amps 


Table 3—Properties of Wrought Alloys 


Electrical 
Conductivity Thermal 
Per Cent of Conductivity 
Specific International at 100° C 


Material Gravity Copper Standard C.G.S. Units 


Commercially pure 
aluminum 2.21 59 0.54 
Cx ypper alloy we Iding 
tip material 8.77 85 0.82 
Copper 8.89 100 0.918 
Structural steel 7.85 15 0.14 
Stainless steel 18-8 7.97 y 0.04 
Aluminum alloys: 
28-0 2.é1 59 0.5 
2S-'/.H 2.71 57 0.52 
2S-H 2.71 57 0.52 
38-0 2.73 50 0.45 
3S-!/2H 2.73 4] 0.38 
3S-H 2.73 40 0.37 
528-0 2.67 40 0.37 
52S-'/,H 2.67 40 0.37 
52S-!/2H 2.67 40 0.37 
52S-3/,H 2.67 40 0.37 
52S-H 2.67 40 0.37 
538S-O 2.69 45 0.41 
53S-W 2.69 40 0.37 
53S-T 2.69 40 0.37 
17S-T 2.79 30 0.28 
24S-T 2.77 30 0.28 
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Fig. 11—Effect of Electrode Pressure on the Shear Strength of Spot Welds 


in 0.052 Inch, 52S-'/:H Sheet. All SurfacesEtched. Tips ‘/s Inch Diam 
7° Cone. T 0 Cycles 

Curve No 2 3 4 

Welding current 17,500 Amps. 22,400 Amps. 23,500 Am 25,4 

Curve No 6 7 R 

Welding current 28,000 Amps. 31 Amps. 32,700 Amps 
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Fig. 13—Effect of Electrode Pressure on the Shear Strength of Spot Welds 
in 0.126 Inch 52S-'/:H Sheet. All Surfaces Etched. Tips */s Inch Diam., 


11° Cone. T = 15 Cycles 
Curve No 1 9 
Welding current 28,000 Amps 31,000 Amps 39.7 A mr 
Curve INO 4 5 
Welding current 34,600 Amps 36,000 Amps 





Fig. 14—Microstructure of Spot Welds in 0.051 Inch, 52S- 


H, Mag. © 4 
T = 10 Cycles, I = 23,500 Amps. Tips 


s Inch Diam., 7° Cone 
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iilure on the shear test occurred either by shearing than 20°;7 from the average for wel made at that 




















e welds or by pulling buttons from one of the sheets. machine setting 
0.020-inch material and 0.032-inch material in In addition to the shear strength test, welds at al 
¢ ), 2S-'/2H, 25-H and 358-O failed by pulling buttons machine settings were examined for weld e, appeal 
go \|] heavier gage material failed by shear in the welds. ance and “‘pickup f aluminun n 1 tip hese 
each machine setting, five duplicate specimens factors were also considered cl] il values for 
? made he shear tests covered in this paper recommended machine setting Other tests such as 
resent about 700 combinations of the five welding impact or fatigue tests on individual welds were not 
4 riables and 90%, of these settings produced welds with considered in drawing thes« lu rder to sim 
iximum strength variation less than 20°) from the  plify an already complicated test progran Further 
iverage of five duplicate specimens. If proper choice of — tests on spot-welded structures are b lucted t 
machine setting is made, all thicknesses from 0.020 inch ascertain the strength under stat itigue and impact 
t s inch of all of the aluminum alloys can be spot loading of spot welds made at the ma e settit that 
welded with a maximum shear strength variation less gave the best results in these t 
Fig. 15—Microstructure of Spot Welds in 0.125 Inch, 2S nme ay Mag. 1X. T 15 Cycles, I 37,400 Amps. Tips I Dian 
Jd 1 tone 
ids 
r., 
, Fig. 16—Microstructure of Spot Welds in 0.125 Inch, 3S Aluminum, Mag. 1X. T 15 Cycles, I 36,000 Amps. Tips ''s Inch Diam., 


11° Cone 
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Fig. 17—Effect of Welding Current on the Shear Strength of Spot Welds in 52S- 
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THE EFFECT OF TIME 


Aluminum alloys are generally spot welded with the 
time of current dwell less than '/» second or 30 cycles on 
a 60 cycle per second power supply. The value of time 
used will vary with the thickness of material welded. 
Times as low as '/2 cycle or less are used on very thin 
material such as 0.002-inch aluminum foil. The timer 
used in these tests, permitted accurate duplication of 
the time of current dwell in steps of '/2 cycle. 

The heat effect of the current increases as the weld 
time is increased, and size and strength of the weld is also 
increased. Tests to determine the effect of time on weld 


I « 17,500 Amps. 


Fig. 18—Microstructure of Spot Welds in 0.020 Inch—52S-'/:H, Mag. 10 X 


T = 6 Cycles, P = 400 Lb. 
Tips °/s Inch Diam., 7° Cone 
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Fig. 19—Microstructure of Spot Welds 
in 0.102 Inch—52S-'/sH, Mag. 2.5 x 
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strength were performed on 0.020 inch, 0.051 
0.064 inch and 0.081 inch 52S-'/2H sheet and on 0 
inch, 0.020 inch and 0.051 inch Alclad 24S-T. <A weldi 
pressure of 200 pounds was used on the 0.016-inch a 
0.020-inch material and a welding pressure of 800 pout 
was used on the heavier material. 


at varying time from '‘'/, to 24 cycles. These tes 


were made at a number of values of welding current 



















Welds were madi 


; 


covering the entire range over which each material cou! 


be welded. 


The shape of the shear strength vs. time of current 


dwell curve is similar for each thickness of mater 
regardless of the value of welding current. The strengt 


rises rapidly with increasing time until an approximate! 


constant strength is reached. Further increase in ti 
results in very little increase in weld strength. The tin 
at which this constant strength is reached is '/2 t 
cycles for 0.020-inch material, and 6 to 8 cycles 
0.05l-inch material. The heavier materials show 
slight increase in strength up to 24 cycles. Several 
these curves are shown in Figs. 5 and 6. The uss 
higher or lower values of welding current results 
higher or lower weld strength at each time setting, 
effect of time, however, is independent of the weldu 
current except at current values which result in a ve! 
small weld. At these low currents, which would not 
used in production, the weld strength reaches the fl 
portion of the curve at somewhat longer timing th 
those shown. 

Welds made at various values of welding time wi 
examined microscopically to determine the effect 
time of current dwell on the size and structure ol 
welds. A transverse section through the center ol 
weld was polished and etched to show the weld structu! 
These sections indicate clearly the extent of the « 
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zone and the soundness of the weld structure 
nination of a large number of these sections show 
ifter a time, depending on the thickness of the 

rial, the cast weld zone reaches a constant size and 
further application of welding current does not 
rially increase this size. This fact is demonstrated 

gs. 7, Sand 9 

gure 7 shows some porosity in welds made at | cycle 
it 4 cycles while a sound weld is obtained with 6 

s. In 0.051-inch material welds made at 6 cycles or 
show porosity at the higher values of welding current 
Spot welds in aluminum alloys appear to reach their 
| size in a very short time. After reaching this size, 
current density and heat generated in the weld are 

so lowered that the water cooled tips conduct heat away 
with sufficient rapidity to prevent further melting 
[he ultimate size of the weld is determined by the weld 
ng current and is not a function of time if sufficiently 
times are used. The use of time somewhat longer 
than that necessary to reach maximum size, probably 
keeps the metal in a molten state long enough for the 
welding tips to squeeze the sheets and close up any pores 


present 





Table 4—Machine Settings for Spot 
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have been found to produce good welding results wit! 
any difficulty other than increasing the heating in cer 
H parts of the welding machine and in the work. 
500 4 If the speed of welding is less than 60 welds per mir 
and the welding tips are adequately cooled, ‘‘pick 
of aluminum onto the welding tips is not increased by thy 
use of these times, compared to shorter time. ‘‘Pic} 
also seems to be a function of welding current rather t 
time of current dwell 
35-1 /sH§ The fact that small changes in time of current dw 
= 23,90 sas from the values given in Table 4, does not material}, 
change the strength of the weld, indicates that absolut 
accuracy of weld time is not an essential for weldi: 
aluminum. 








































im EFFECT OF WELDING CURRENT AND ELECTRODE 
9 PRESSURE 





In spot-welding aluminum a number of combinati 
of welding current and electrode pressure may be used t 
produce satisfactory welds. The value of welding 
current used is the principal factor in determining th 
ultimate size and strength of the weld. The electrod 

29 400 Amps pressure has some effect on the size and strength of th 
weld, but a much greater effect on the appearance a: 
soundness of the weld. 

Welds made in seven different thicknesses of 52S-'/.H 
aluminum at values of current and pressure covering th : 
range of setting used for each thickness were made and : 

i the shear strength measured. The effect of elect: 
2,400 Amps pressure on shear strength is shown in Figs. 10, | 
and 13. At the lower values of welding current 
strength of the welds is decreased with increasing el 
trode pressure, while at the higher values of weldin; " 





é 








Fig. 33—Microstructure of Spot Welds in 0.051 Inch Aluminum, Mag 
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Fig. 34—Effect of Sheet Thickness and of Alloy Welded on the Shear Strength of Spot Welds in Aluminum. (See Table 4 for Machine Sett 
Used on Each Alloy) 
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Fig. 35—Microstructure of Spot Welds in 52 S H Tips Inch 
iam., 7° Cone 
with increasing electrode pressure At intermediat 
alues of welding current there is a considerable range of 
pressure over which welds of nearly constant strength 
may be obtained. It is within this range of pressure that 


the best welding results are obtained 


At each value of electrode pressure there is a maximum 
current which can be used before ‘blowup’ of the weld 
results Chis maximum current and the maximum 
strength obtainable in the welds increases with increase 

electrode pressure Curve Y in Figs 1\U and ] \ 
the approximate maximum weld strength that can b 

btained at each pressure 

Che effect of welding current on the shear strengt 
welds in several thicknesses of 525 H is show! ] 


i Dhe 


strength of the welds increases in al i 
proportion to the welding current. Each curv o1 
ne thickness of material and for one ilue of electrod 
pressure and time of current dwell. Curve f similar 
shape and slope were obtained when oth luc 
pressure and time were used 

Both the welding current and the electrode pressure 
iffect the appearance of spot welds in aluminum Best 
ippearance is obtained with low currents and high pre 
ires These conditions are conducive to low weld 
trength so that the final setting must be a compromise 
| the current and pressure are adjusted so that the cast 
vel does not extend to the outside sheet surtace 


od weld strength can be obtained and the appearances 
! the welds will be satisfactory for most applications 

Figures 14, 15 and 16 show sections of spot welds made 
at several values of welding pressure At the low values 

pressure the welds show some porosity and cracki 


his defect is reduced or eliminated by going to a higher 
welding Che of the « 
reduced at the highest values of electrode pressurt 


pressure S1Z¢ ast zone 1S also 
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Figures 1S and 19 show secti t 
various values of welding current Phe e of the w 
increases with the welding current e |} t 
and cracking is present at the hig! 1¢ f weld 
current The cast zone increases bot ameter al 
penetration into the sheet as thi irre LS 
Best appearance and improved « ince aré 
obtained if the cast zone does t extend to the leet 
surtace Thus, the maximum weld stré th and lu 
ft welding current are limited to those at which the cast 
one is confined within the outside eet surface 

Welding electrode tips used ilt um alloys are 
made from a copper alloy and at the machine sett 
which must be used to obtain st g welds, there 1 i 
tendency for aluminum from the weld to alloy with th 
copper tip. This “pickup” of aluminum by the copper 
tip will occur even when the cast weld e does not 
extend to the sheet surface Che ‘‘pickup’’ is a result of 
local heating at the point of contact between the weldi 
tip and the aluminum sheet, and reases progressively 
as welding proceeds, i.e., after fr { 1) welds it is 
sufficient to affect the appearance 1 the utside of the 
sheet. Most of the “pickup” occu te the first 

cycle of current conduction at which time the current 
density is very high because of the small area of contact 
between the tip and the sheet Increa welding 
pressure, or decreasing welding rrent will reduce the 
amount of “pickup” on the tip hese expedient 
also, reduce the size and strengt! the weld ind ce 
sequently cannot be applied t elimi at ickup 
entirely 

Continued welding without cl e weld tip 
results in force the coppe! vlumu al to the 
copper tip and the format fa the tip su 
lace In subsequent welds the pre pick ly 
results additional local heat weld d the 
lower melting point constituent eet materia 
nav be forced it to the sheet thi tip 
When this occurs, ‘pickup t ses rap 
idly and continued welding may r« low up 
of the weld im the other | t ti can be 

ntrolled by rem« r the “pickuy ( d 
ibrasive cloth r2OUt 0) we 

EFFECT OF SHEET THICKNESS AND OF ALLOY 
WELDED 

Che tests to determine thi 
pressure were ¢ rmed wit! H 
Lest were als li \] ( 
btained permiutte the « 
machine settings { d suit H Y 

sed ithe lun im all 

[} rde1 le mune 
settings to be used for ea le 
Q.OVO-1 () { ch. 0.0 

h sheet ea the a 
welds were mad ing tip r { 
lable ind at res ili ( 
ing the range of pressure ( Che we 
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A comparison of welds made in various alloys discloses 
considerable difference in the strength of the welds, the 
stronger alloys producing the stronger welds. The 
strength of the welds does not bear a definite ratio to the 
strength of the material welded, however 

Cross sections of several welds in different materials 
are shown in Figs. 15, 16 and 33. The size and structure 
of the welds are approximately the same for all alloys. 
In Fig. 16, the smaller size of welds obtained in 3S-O 
material compared to welds in 3S-'/2H and 3S-H made 
at the same machine setting should be noted. This 
indicates the need for slightly higher welding currents 
or lower welding pressures for welding annealed mate 
rials and partially accounts for the lower strengths ob- 
tained on welds in annealed material. 

Figure 35 shows sections of spot welds in various 
thicknesses of 52S-'/2H sheet. The machine settings 
used in making these welds is approximately the same 
as given in Table 4 for 52S. The diameter of the cast 
zone in proportion to sheet thickness is considerably 
larger for the thin material than for the thick material. 
This accounts for the fact that the strength of the weld 
increases approximately as the 1.4th power of sheet 
thickness, rather than as the square of sheet thickness. 
The amount of porosity is greater in welds in the thicker 
material than in thinner material. It has not been 
possible to entirely eliminate all porosity in heavy gage 
material by using longer times or higher pressures and 
still maintain good weld strength. 

In choosing recommended machine settings for each 
alloy consideration was given to variation in strength at 
various pressures, the appearance and size of the weld 
and the relation of strength and machine settings for the 
various thicknesses of material. Settings were chosen 
so that both weld strength and machine settings, when 
plotted against sheet thickness gave smooth curves. 

The average shear strength of spot welds in a number 
of aluminum alloys is given in Fig. 34. The strengths 
given are those that will be obtained when using the 
machine settings listed in Table 4. No test data are 
given since these curves were calculated from tests made 
at currents which differed somewhat from those finally 
chosen in Table 4. 

The current values given in Table 4 are about the 
maximum that can be used without extending the cast 
weld zone to the sheet surface. Since the tapped trans- 
former winding may not permit current steps smaller 
than 2000 amperes it may be necessary to weld at cur- 
rents as low as 90% of the values shown. This will 
reduce the weld strength: a 10% reduction in weld 
current resulting in a 15 to 20% reduction in weld 
strength. Since there may be a strength variation as 
much as 15 to 20%, the minimum weld strength may be 
30 to 35° below the average values given in Fig. 34. 
Settings which produce welds of lower strength than this 
should not be used as the weld strength may be very 
inconsistent. 
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CONCLUSIONS 





[he shear strength of spot welds in aluminum al] 
is influenced by each of the seven welding varia} 
discussed in the introduction. For the producti 
strong welds the proper choice of the value of weld 
current is of primary importance. The use of low 
of welding current is the most frequent cause of y 
failure in spot-welded aluminum construction. Thi - 
partly a result of too much emphasis by the inspect 
department on appearance of the outside surfaces o1 
the welding operator on a machine setting which 
allow the maximum number of welds to be made with 
cleaning off the welding tips. The production of str 
welds with good appearance requires frequent dressin, ; 
of the welding tips and settings which produce more tha 
30 welds without “pickup” on the welding tips, should | 
suspected of producing weak welds. 

The time of current dwell and the electrode pressur: 
must also be properly adjusted and controlled if depe: 
able results are to be obtained. Uniform shape of thy 
welding tip, since it affects current density in the weld 
is as important as the choice of welding current. R: 
moval of the oxide coating from the surface to be welded 
is not essential for spot welding all of the alloys. Alloys 
2S and 3S can usually be welded without any surfac 
preparation. The amount of oxide coating present o1 


Tri 


the other alloys increases “‘pickup”’ of aluminum ont , 
the tips to such an extent that it is probably mor | 
economical to remove the oxide coating from the outsid 4 
surfaces than to accept the lowered production rates 4 | 
incident to frequent tip cleaning. . 


While the data on shear strength of spot welds 
various aluminum alloys given in Fig. 34 are not 
tended for use in design of spot-welded joints an exan 
nation of these data will disclose the fact that for pro 
duction of maximum efficiency of welded joints, tl 
arrangement and spot spacing will vary both with th 
alloy welded and the thickness of the sheet. Work is 
now in progress to determine proper spot arrangem¢ 
and design information for spot-welded aluminum « 
struction which will be reported at a later date. 

In closing, one fact should be emphasized. A great 
many of the welds on which shear strength is given would 
not be satisfactory welds for use, mainly because of t! 
poor appearance. The data given in Table 4 and in F1 
34 are for welds of good appearance and should pr 
useful in production welding of aluminum alloys. Thi 
chance for error in calibrating welding equipment and 
the differences in various lots of material are sufficient 
that a production setup based on the recommend: 
settings outlined in this report must be checked b 
frequent inspection of the welds during the weldi 
operations. 


iT 
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AN INVESTIGATION OF ARC AND 





Gas Welded Joints in Aluminum 


By LIEUT. COMDR. R. K. WELLS (C C) U.S. N. 
and A. G. BISSELLt 


HE early history of aluminum welding is not a 
PP matter of formal record. However, it is known 

that about 1907 considerable experimenting was 
done using the hydrogen flame in air to weld aluminum 
parts without the use of a flux. In 1909, the first alu 
minum welding job of any size was attempted on some 
chemical tanks. The welds were made by burning hy 
drogen in air without the use of a flux and expensive and 
relatively unsound joints resulted. About 1911, a weld 
ing flux was developed and substantially improved re 
sults were obtained. In 1911 and 1912, the first field 
welded job was undertaken. This was the gas welding 
of some large aluminum pans. About this same time the 
first welded aluminum beer tanks were fabricated. The 
adoption of welding as a method of fabricating steam 
jacketed kettles and cooking utensils did much to further 
develop the welding of aluminum. 

It was not until about 1930 that any substantial prog 
ress was made in the application of are welding to the 
joining of aluminum and aluminum alloy parts. Arc 
welding became practicable with the development of a 
flux for coating electrodes which made it possible to de 
posit the electrode material uniformly and essentially 
free from oxide contamination. 

For a long time, the properties of welded joints in 
aluminum and its alloys were not well known. Most 
applications were made by trial and error, with little 
actual knowledge of the strength of the joints, or of their 
other characteristics. The Bureau of Construction and 
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Repair of the Navy Department therefore sponsored an 
investigation into the welding properties of a number of 
commercially available aluminum alloys whose use in 
marine applications had been suggested. With the co 
operation of the producer of the material, more than 60 
specimens were welded, both with gas and with the are, 
and the materials under test were carefully analyzed and 
the test results tabulated 

Some of the specimens contained joints welded into 
two plates of identical composition. Others had welds 
joining two different materials. Welds were made in 
both the flat and vertical positions wherever possible 
As it was found that joints between different materials 
quite generally behaved like joints in the weaker of the 
two base components, consideration here of composite 
joints will not be attempted. Results obtained with two 
plates of the same base material will be presented 

In making the welds with gas both acetylen 
hydrogen were used. Some difficul 


and oxy 
experienced in 


getting uniformly satisfactory results using the oxvacety 
lene process but with oxyhydrogen quite consistent r 
sults were obtained 

While joints of equal strength were produced in the 


vertical and flat positions by either 
factory vertical welds were ined i 
tion using the ari It is understood that ar 
being used successfully in the verti 
shops. 

The materials used in this investigatiot 


iS process, atis 
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welding is 
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Table 1 





Commercial Physical Chemical Composition 
Designation Alloy Combination Condition Al Mg Mn Ti Fe Si Cr Cu 
No. 2S Commercially Pure Aluminum As-Rolled 99.13 0.02 0.70 0.14 0.01 
No. 35 Aluminum Manganese As-Rolled 98.15 0.02 1.02 0.01 0.49 0.20 0.11 
No. 52S Aluminum Magnesium Chromium As-Rolled 96.87 2.57 0.01 0.01 0.20 0.07 0.26 0.01 
No. 53SO Aluminum Magnesium Silicon Chromium Annealed 97.55 1.35 0.01 0.01 0.20 0.58 0.27 0.03 
No. 53SW Aluminum Magnesium Silicon Chromium Quenched 

No. 53ST Aluminum Magnesium Silicon Chromium Heat Treated 

No. 43 Aluminum 5% Silicon As-Cast 94.56 0.01 0.01 0.12 0.47 4.79 0.04 
No. 195AC Aluminum Copper As-Cast 94.34 0.01 0.01 0.01 0.65 0.53 ne $.45 
No. 195T4 Aluminum Copper Heat Treated 

No. 214 Aluminum Magnesium As-Cast 95.56 3.80 0.01 0.01 0.23 0.138 0.26 
No. 356AC Aluminum Silicon Magnesium As-Cast 93.13 0.29 0.01 0.01 0.49 5.95 0.02 
No. 356T4 Aluminum Silicon Magnesium Heat Treated 

Type D—2S Filler Material No. 1 Wire 99.21 0.01 0.01 0.71 0.08 0.03 
Type E—43S Filler Material No. 2 Wire 94.96 0.01 0.02 0.02 0.49 4.84 0.01 


Table 1 togetherwith their average chemical compositions. 

All of the plates used were */s x 8 x 17 inches. Each 
one was beveled on one 17-inch edge to form the joints 
shown in Fig. 1. The 60° single-V joint was used for all 
of the welded joints. The open V without a backing 
strip shown by Type A was used for all gas-welded joints 
while Type B with a backing strip of the material being 
welded and Type C with a grooved copper backing strip 
were used for the arc-welded specimens. 

The plates to be gas welded had the root face of the 
joint nicked about '/;. inch deep at about '/,-inch in- 
tervals with a cold chisel to aid in obtaining complete 
fusion of this edge. Before starting to weld the root 
opening of the joint was spaced '/;. inch at one end and 
'/, inch at the other end. Welding from the narrow end 
toward the center, a two-inch tack was made, then an- 
other two-inch tack was put in at the other end which 
had drawn up to give a uniform root opening. Then 
the first layer was completed. In putting in the second 
layer, welding was started about 5 inches from one end 
and completed to that end. The finish was made from 
the beginning of the first weld to the opposite end. 

The joints to be arc welded were clamped tightly to 
the backing strips with a '/s-inch root opening. One end 
was tacked and the first layer started from the opposite 
end, welding toward the tack using a */,.-inch fluxed 
electrode in the case of the Type B joint. The second 
layer was put in with a ‘/,-inch electrode using a slightly 
lower current in most cases and welding in the same di- 
rection removing the slag of the former pass only suffi- 
ciently to strike the arc. The Type C joint using a 
copper backing strip having a groove '/» inch wide and 
*/39 inch deep immediately behind the root opening was 
welded in one pass using '/,-inch electrodes. 

After the welding was completed the backing strip of 
the material being welded and the reinforcements were 
removed by machining to the same thickness as the 
original plate and 4 tensile and 2 bend specimens were pre- 
pared as shown in Fig. 2. The tensile specimens were 
pulled in a 20,000 pound testing machine and the root and 
face bends were made in a guided bend jig shown in 
Fig. 3. 

This guided bend test has been used for some time by the 
Navy in connection with the welding operators qualifica- 
tion tests and has recently been adopted by the AMERICAN 
WELDING SOCIETY in its Standard Qualification Procedure. 
It is a most searching test, forcing the bend to occur in the 
weld and contiguous material exposing defects more suc 
cessfully than other test methods that have been used. 

The tensile strength, yield point, elongation in 2 inches 
and angles of bend were determined on the original ma- 
terials as received, and these values are noted for com- 
parison with the results obtained from the welded joints. 
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Macrographs made of sections of each joint are show: 
with the tabulated data. X-ray examination was als 
made of the macro sections and the findings noted. 

The accompanying tabulations give the results of th: 
investigation. 


CONCLUSIONS 


It is not proposed to offer these results as final and con 
clusive, because it is realized that the number of speci 
mens tested was quite limited. They are merely offered 
in evidence of what we feel is perhaps the optimum ob 
tainable at present, since the joints were made with great 
care by a skilled welder of wide experience with aluminum 
and its alloys. It is hoped that others may reproduce or 
extend these tests, so that other evidence may be ob 
tainable to confirm or modify our present opinions. 

From the present series of tests the following conclu 
sions as to the weldability of the various aluminum alloys 
seem reasonably to be indicated. 


Commercially Pure Aluminum (2S) 

This material is weldable by both gas and arc proc 
esses. The heat of welding tends to anneal the ma 
terial in and adjacent to the weld, giving rise to decreased 
strength after welding. The loss of strength is more pro 
nounced with gas than with arc welding. In the pres 
ent series of tests, the filler rod used for the gas welds 
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ALUMINUM MAGNESIUM CHROMIUM 


FLUX: COVERED ELECTRODE, 
FIRST PASS: 3/16" ELECTRODE, 


WELDI ROCESS: METALLIC ARC, 
FI 


35 V. 370 A. 
SECOND PASS: 1/4" ELECTRODE, 
30 V. 250 A. 
PLATE THICKNESS: 3/8" 
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ALUMINUM MAGNESIUM CHROMIUM ALLOY ~- (52S) - ARC WELT 


WELDING PROCESS: METALLIC ARC. 
NO, 2. 
COVERED ELECTRODE. 
ONE PASS: 1/4" ELECTRODE. 
30 V. 350 A, 
PLATE THICKNESS: 3/8*, 
BACKING STRIP: GROOVED COPPER, 


X-RAY: SLIGHT POROSITY, 


EFFICIENCY OF WELDED JOINT: 94,54 IN 
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ALUMINUM MAGNESIUM SIL. 


WELDING PROCESS: METALLIC ARC 

ELECTRODE: NO. 2. 

LUX: COVERED ELECTRODE. 

FIRST PASS: 316" ELECTRODE, 
32V. S7O0A. 

LATE THICKNESS: ve". 

BACKING STRIP: SAME AS PLATE. 
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was of commercially pure aluminum, while that used for 
the are welds was of 5% silicon alloy. This undoubtedly 
accounted, in part at least, for the difference in strength 
after welding. ‘The best all-around properties after weld- 
ing were obtained with the are 
copper backing strip 


process, using a grooved 


Aluminum Manganese Alloy (3S) 

The remarks concerning 2S material apply also to 3S. 
The material as received for test had tensile properties 
slightly higher than those expected of annealed stock. 
The tensile properties after welding closely approxi 
mated those of the base material in its annealed temper 


Aluminum Magnesium Chromium Alloy (52S) 

The strongest joints in this material were obtained 
using a 5% silicon aluminum alloy electrode and the arc 
welding process. Better bending qualities were obtained 
in the oxyhydrogen welds in which pure aluminum was 
used as the filler metal but the strength was below that of 
the arc welds. The bending values for both classes 
of welds were much below the original material, and were 
of such magnitude as to indicate that welding of highly 
stressed parts might prove unreliable. 


Aluminum Magnesium Silicon Chromium Alloy (53SO) 

This is an annealed material. Each welding process 
produces reasonably satisfactory welds. However, some 
porosity was noted in all welds, and erratic values were 
obtained in the bend tests. 


Aluminum Magnesium Silicon Chromium Alloy (53SW) 

This material is the same analysis as the preceding 
alloy but has been heated and quenched which materially 
increases its tensile strength with a moderate reduction 
in ductility. 

But one set of test plates of this material was welded. 
The arc welding process with a grooved copper backing 
strip was used, resulting in a joint of but 75% of the ten- 
sile strength of the original material and far less in bend- 
ing. From welds made between this material and other 
aluminum alloys it seems likely that welds of slightly less 
tensile strength and with better bending properties would 
be obtained using the oxyhydrogen welding process and 
5% silicon aluminum alloy filler material. 


Aluminum Magnesium Silicon Chromium Alloy (53ST) 

This material is also of the same chemical analysis as 
those preceding but has been heat treated and aged. 
The high tensile strength obtained by the heat treating 
and aging is lost when the oxyhydrogen flame is used to 
weld this material. The welds obtained by this process 
were of non-uniform strength, ranging from 8920 psi to 
21,000 psi. The bending properties of the joint also 
were low. Both of these defects were undoubtedly due 
in large part to the observed porosity. 

The arc-welded joint made by welding in two passes 
against a backing strip of the parent material showed 
more uniform results but also was lower in tensile strength 
and bending than the original material. 


Aluminum 5% Silicon Alloy (43) 

This material is cast and of very low ductility. When 
welded by the oxyhydrogen flame the resulting joint de 
veloped but 78% of the tensile strength of the original 
material. While the face and root and face bends of the 
welded joint were but 27° and 36° they were much better 
than the original material. 

Metal arc welding using a backing strip of the parent 
metal and two passes gave a joint of lower tensile strength 
and better bending qualities than the gas weld, but using 
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a grooved copper backing strip and welding the 


one pass with a '/,-inch electrode a joint of 85% 
tensile strength and of better bending qualities 
the original material was obtained. In all cases 
refinement in the welded zone would reasonably a 
for the observed performance 
Aluminum Silicon Ma SIGAC 

[his is a cast material of low ductility. The 
in this material made by are welding developed bet 
than 90% of the tensile strength of the original mat: 
with slightly better properties in bending. The 
welded joint had about 81% of the tensile strength of t 
original material coupled with somewhat better pro, 
ties in bending than the arc-welded joints. 


gnesium Alloy 


Aluminum Silicon Magnesium Alloy (356T4) 

This is a cast material of the same analysis as the pr 
ceding alloy but heat-treated. From the physical p: 
erties it is not evident that any improvement has be: 
obtained by the heat treatment. The welded joints 
show strengths nearly equal to the original material w 
better bending properties. 


Aluminum Copper Alloy (195AC) 

This material as cast has a tensile strength of 23,9 
psi and an elongation of but 2% in 2 inches. The sp 
men welded by the oxyhydrogen flame developed a t: 
sile strength of 79% of the original material with greatly 
improved bending properties. The arc weld made 
two passes against a backing strip of the original material 
developed 94% of the original material, bending an aver 
age nearly 20° as against 9” for the original material 


Aluminum Copper Alloy (195T4) 

This is the same analysis as the preceding alloy 
the cast material has been heat-treated resulting in ai 
increase in tensile strength over the as-cast material 
and a slight improvement in ductility which is evident | 
the better bending properties. As in the other heat 
treated alloys of aluminum the resulting welded joint 
made by the oxyhydrogen welding process is much low 
in tensile strength than the original material being but 
62% as strong. The arc-welded joint was but littl 
stronger, 76%. Both joints falling below the origina 
material in bending. 


Aluminum Magnesium Alloy (214) 

This is a cast alloy of relatively low-tensile strengt! 
and ductility. The gas-welded joint developed 83° 
and the arc-welded joint 100% of the tensile strength 
the original material. Neither of the welded jo! 
equaled the original material in bending. 


SUMMARY 


A review of the data here presented leads to the « 
clusion that aluminum and its commercially availa 
alloys are weldable, but that care must be used in 
application of welding and in the selection of the w 
ing process if the best results are to be obtained. 

Welding of the complex, high-strength wrought all 
in the heavy sections tested did not produce joints 1 
tively as satisfactory as obtained with the modera 
strength binary alloys such as 3S. 

In all of the alloys tested, arc welding gave bet 
results than gas welding. In some cases this was 
doubtedly due in part to the choice of electrode 
terial, but even where the electrodes and the filler 
for gas welding were of the same composition, th« 
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ntage in favor of arc welding persisted. It is felt 


that the better heating and cooling cycle obtained with 
arc welding was largely, if not entirely, responsible for 


\ the advantages noted. 
i] Phe alloys in which welding showed to best advantage 
' were the cast, coarse-grained alloys. In these, the 


welding induced local grain-refinement, contributing to 
improved properties. 

It cannot be too strongly emphasized that the present 
investigation dealt only with a single relatively heavy 
iI section, and that attempts to extend the comments 
1] based on results with this section to other sections, par 

ticularly those substantially lighter, may lead to erron 
The only comment of general appli 
cability which it is safe to make is that welding of sex 
et tions strengthened either by cold work or by heat 
treatment will tend to reduce the strength at and 
near the welds to values approaching the strength of 


t eous conclusions. 


Discussion of Dr. C. G. Suits’ 
paper on “Welding Arcs from 
the Standpoint of Recent 


Investigations” 
By W. G. DOW} 


HAVE read Dr. Suits’ paper carefully and with great 

interest. It seems to me to be an excellent assembly 

of those results of recent fundamental research that 
are pertinent to properties of welding arcs. 

Dr. Suits occupies at the present time a unique position 
in the electrical industry. I do not believe that it is an 
exaggeration to state that no man anywhere is as well 
informed as he is in regard to the properties of electric 
ircs when operating at pressures at and above atmos 
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fully annealed materials. Such ¢ m ilwa bi 
kept in mind when the welding of aluminum alloys ts 
under consideration 

Che conclusions expressed in the foregoing paper are the 
versonal opinions of the authors, and in no way express 
| 


the opinion of the Navy Departm«: 
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wn 1n this field, but 


pheric. And considering the complexity of 
that is no mean distinction. He has of cours 


important discoveries of his « in my 


estimation his most important and outstanding contri 
butions have grown out of his thorough analytical criti 
cism and evaluation of a great variety of conflicting 
theories and experimental results relative to ares. Asa 
result of this analytical work he can authoritatively state 


in readable form, as he has done in the preset 
essential facts and theories re 
of the ighe pre 

sures. Dr. Langmuir and his coworkers brought order 
out of chaotic thinking in regard to low-pressure arcs 
some 10 or 12 years ago; Dr. Suits has 1 w done so in 
regard to the high-pressure range, and he deserves much 


credit for the success of his effort 


I paper, the 


pect 


] 7 ley *7% 
lative t uimost any as] 


behavior of arcs at 


I believe the relation between Dr. Suits’ presence her¢ 
and the work of engineering educators in the field of elec 
tronics should be mentioned. Ob useful interpre 
tation of the fundamental theor elect ares li 


primarily in the field of work of electrical engineers, 
rather than of mechanical or metallurgical engineers. 
This is only one illustration of the increasing importance 
of electrical engineers’ contributions to the welding art. 
But even electrical engineers trained in the curricula of 
ten years ago, find much of Dr. Suits’ paper difficult read 


ing 
( 


me of the significant recent developments in engineer 
ing education has been the introduction into engineering 
curricula of courses which give to engineering students 
an appreciation of the basic concepts of all branches of 
electronic study. The response of electrons in gases to 
voltage gradients; ionization and excitation of atoms and 
molecules; the signifiance of potential distributions; the 
mechanism of light production by arcs; atomic spectra 
as employed in spectrographic metallurgical analysis; 
the meaning of the term ‘“‘thermal ionization; heat 
transfer by conduction and convection; ... the interpre 
tation and use of these and many other new electrical 
concepts are part of a modern electrical engineering 
curriculum. 

For example, Dr. Suits has given a very interesting 
equation, as follows: 


n° 5040 Ve 
v6! (x ) ] 


In interpreting this relation to our students I would re 
write it in the exponential form, as follows: 


1.51 log T + 15.38 


where |; is the voltage equivalent of the arc temperature. 
Such a form of this relation is harder to work with nu- 
merically than that given by Dr. Suits, but is much easier 
to interpret physically. 

Along with the job of giving oncoming engineers some 
knowledge of electronic theory and its applications we 
have that of offering to earlier engineering graduates, 
who did not have such work in college, opportunities in 
the form of extension work for acquiring it now. We 
must also try to cooperate with and extend the research 
activities carried out by industrial organizations. 

One always asks, in regard to a paper such as that 
now under discussion, to what tangible, useful results 
will it lead? I believe that we all hope that out of con- 
tinued fundamental research work on arcs there may 
ultimately grow a method of welding in which the human 
element is somewhat less critically important than it is 
today. Perfection in electric are welding will not be 
reached until the bead laid down by the welder is con 
sistently as smooth and homogeneous as a piece of mold 
ing. We may none of us live to see such welds, but prog 
ress toward the ideal should be possible. It is only by 
becoming able to understand, interpret, and extend ideas 
such as those presented by Dr. Suits that we can hope to 
make substantial advances toward this ideal 


By PAUL L. BETZ* 


Under the heading ‘‘Anode, Cathode and Positive 
Column’’ Dr. Suits discusses minimum are voltage. Ex 
periments are cited in which an are was drawn between 
electrodes that were made to approach each other. The 
cathode ray oscillograph was used to observe the are 
voltage, and it is reported that a discontinuity in the volt 
age was found to exist for electrode separations of less 
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than one-ten thousandth centimeters. Other work 
minimum are voltage has been reported in the literature. 
but has been overlooked in the bibliography of the present 
paper. Attention is directed to a paper by Betz 
Karrer, Journal of Applied Physics, December 1937, | 
845, entitled “‘A Characteristic of the Copper Arc Du 
the Formative Period.’ In this paper the cathod 
oscillograph was used to observe the voltage that ar 
across a pair of electrodes as an arc is initiated by 
separation of a pair of electrodes initially in contact 
carrying current. The observations were at atmospher 
pressure and indicate that the are voltage rises in 
than one ten-thousandth seconds to a value that is 
dependent of the current and voltage of the circuit. T} 
initial voltage is the minimum voltage that exists ac1 
the electrode. For copper, the minimum arc voltag 
approximately 12.2 volts. It is suggested in this pap 
that the positive column drop and the anode fall cont: 
bute nothing to the minimum voltage drop inasmuch as 
these functions of the are are non-existent at the tim: 
the minimum arc voltage exists. It is further suggested 
that the minimum arc voltage corresponds to the cathod: 
potential drop of the arc inasmuch as its value is 
pendent of the value of the are current. 


By CARL KENTY* 


The outstanding contributions of Dr. Suits to 
study of arc phenomena, including the velocity of sound 
method for measuring the temperature and the general 
method of treating arcs as problems in heat transfer, ar 
too well known to require further discussion. 

As Dr. Suits has shown, the most important adva 
in our knowledge of the are in recent years, starting fron 
the work of Compton in 1923, has been the recogniti 
that a state of thermodynamic equilibrium, at a tem 
perature of the general order of 6000° K., exists in the 
core of the arc among the electron ions, and neutral and 
excited atoms. The existence of such an equilibrium in 
the positive column of the are aids tremendously in th 
calculation of the eonductive and radiative properties 
of the column. It is suggested that further studies would 
be desirable of the mechanisms of metal transfer in th 
welding arc, and of the heat dissipation to the individual 
electrodes. 

As pointed out by Dr. Suits, if a method could be 
found for determining the distribution of potential along 
the arc it would enable direct knowledge to be gained 
the individual cathode and anode drops, quantities which 
are of fundamental importance in the welding arc. 


*G. E. Vapor Lamp Co 
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